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4 ! PUfl.'ACE

This is the Final Report for USAF Aeronautical System
Division Contract No. F33615-78-C-5224 (Project 3930 Task 0,

Work No. 01) with Michigan State University. The Program

described was initiated by personnel of Warner-Robins Air

Logistics Center Corrosion Management Office (WR-ALC/MMETC).

Its objective is to develop an environmental corrosion

severity classification system and to calibrate this system

by means of an atmospheric testing program. After several

years of development and testing by WR-ALC, analysis of the

results was completed by MSU. The Final Report is divided

into two parts which are issued separately. This, the first

part, discusses the environmental classification system and

the second part treats the experimental phase.
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Richardson, Mr. William Thompson, and Mr. Frank Denton. At
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Samsami, Undergraduate Assistants Carolyn Wright, Mike
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Finally, Undergraduate Assistant Ar.rea Cerulli has served

as editor for this Report. We thank all for their work.

AL I

" iii " .. N.,___ __

Stt :- : ,

,i / ":, ,



TABLE OF CONTENTS

Section Page

I. Introduction 1

11. (orrosion Severity Classification System 4

1. Environmental Variability 4

2. Atmospheric Corrosion in Aircraft 5

3. Factors Affecting the Rate of Corrosion 6
a. Weather 6

b. Pollutants 8

4. Establishing Environmental Quality Standards
for Corrosion 12

a. Ranges of Ambient Parameters 14

b. Proximity to the Sea and Other
Sources of Salt 17

(1) Salt in Rainwater 18

(2) Particulate Sodium Chloride 19

c. U.S. National Ambient Air Quality
Standards (NAAQS) 21

d. Experimental Studies Relating
Corrosion to Environment 26

e. Working Environmental Corrosion
Standards (WECS) 31

i S 5. Corrosion Severity Algorithms 35

a. The 1971 Corrosion Factor Equation -5

b. Comments on the CF Equation 40

c. Environmental Severity AlgOrithms for
Aircraft Corrosion 41

(I) Corrosion Maintenance in Aircraft 42

(2) Aircraft Washing 42

(3) Painting 43

(4) Corrosion Damakie 45

(5) Use of Envi:.onmental Algorithms 47

!"(6) Env ta I -, Applications 47

"(7) Envi -.ntal Data 49

-z4



TABLE OF CONTENTS (CONT.)

Section Page
<Id. Comparison of Algorithm Results with

Corrosion Maintenance Experience 51

(1) Environmental Factors at C-141A
Airbases 52

(2) The USAF Maintenance Data
Collection System 52

(3) Results 59

(4) Conclusions 68

e. Comparison with PACER-LIME Experimental
Results 68

6. Conclsion 70

References 71

Appenc• ix A
PACER LIME Interim Corrosion Severity

Class .fication 76

Appendix 8

Programs Developed to Calculate Washing and
Repaint Intervals and Expected Corrosion
Damage Seieri.ty Using the Working Environmental
Corrosion Standards 82

Appendix C

Atmospheric Data and Severity Classifications 93

I.



LIST OF ILLUSTRATIONS

Page

1. Atmospheric salt particle concentrations
vs. distance from seashore 20

2. Surface salt deposits and corrosion of iron
vs. distance from sea, Nigeria 22

3. Aircraft Washing Interval Algorithm 44

4. Aircraft Complete Repaint Interval Algorithm 46

5. Aircraft Corrosion Damage Algorithm 48

6. USAF AFTO Form 349 Maintenance Data
Collection Record 55

7. USAF AFTO Form 349 Maintenance Data
Collection Record (Reverse) 56

8. Cumulative Corrosion Maintenance History of
C-141A Serial Number 650266 61

9. Distribution of Field-level Corrosion
Maintenance Among Aircraft Continuously
Assigned to an Airbase 4Q70-4Q74 65

10. Distribution of Field-level Corrosion
Maintenance Among Aircraft Continuously
Assigned to an Airbase 1Q75-4Q76 66

i-Vii



LIST OF TABLES

page

1. Ranges of Environmental Ambient

Parameters, Continental U.S. 16

2. National Ambient Air Quality Standards 24

3. Environmental Factors and Levels Used
by Haynie, Spence, and Upham 30

4. Corrosion Rates (pm/year) of Weathering
Steel in Designated Controlled Atmospheres 32

5. Working Environmental Corrosion Standards (WECS) 33

6. Environmental Factors Considered in Developing
a Corrosion Severity Index Algorithm 36

7. The Corrosion Factor Equation and Parameter
Ranges 37

8. Range of Computed Pacer Lime Corrosion
Severity Index 38

9. Environmental Factors for C-141A Airbases
Compared with Working Environmental Corrosion
Standards and Environmental Ratings 53

10. Distribution of C-141A Force-Wide Corrosion
Maintenance Manhours Among Action Taken Codes 57

11. Distribution of C-141A Force-Wide Corrosion
Maintenance Manhours Among How-Malfunction
Codes 58

12. C-141A Airbase Possession Quarters Compared
With Field Level Corrosion Maintenance
:,;~hodrs 62

13. C-I41A Corrosion Maintenance Effort by Airbase 63

14. C-141A Corrosion Maintenance Effort on
Selected Aircraift Sections by Airoase 67

"4

•-1 i



SINTRODUCTION

Several studies have centered on the total costs of
1-5corrosion prevention and control within the past few years.

The inescapable conclusion is that total corrosion costs for

aircraft maintenance and management are an intolerable

burden to the Air Force in terms of maintaining force effectiveness

at reasonable cost to the taxpayer. Direct costs of corrosion

maintenance for major aircraft systems in the field and at

depot level have been estimated to be in excess of $750

million per year, and total corrosion costs, including those

for airbase facilities, are estimated to be in excess of $1
4billion per year. A key factor in controlling these costs

is the ability to optimize corrosion repairs based upon

need, rather than the current practice to perform them at

fixed time intervals, and, in the field or at depot, based
upon optimized inspection, need, and time of repair. The

current program of fixed time interval depot maintenance of

aircraft, under Programed Depot Maintenance (PDM), does not

correspond to the actual corrosion damage level of individual

units.6 Thus, the method results in inefficient and uneconomical

use of facilities and resources. The scheduling of depot

maintenance could be based, however, on the cumulative

exposure to corrosion risks if the risk factors were identified

and quantified and the relations between exposure and damage

were known.

One approach to quantifying risk factors is to classify

the environmental severity according to the nature and

intensity of ambient corrosive factors. It has long been

acknowledQed that some environments are more corrosive than

others, and environmonts are commonly classified as indus-

trial, urban, or marine, thus indicating their approximate

severity. 7' It also is established that certain environ-
mental constituents, e.g., sea salt and sulfur dioxide,

increase the relative aggressiveness of the environment. 9 '1 0

An environmental classification, based on the atmospheric
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constituents present, might be used as a guide in establishing

the maintenance schedules required for complex systems, such

as aircraft.

In response to the needs of the Strategic Air Command

(SAC), the AF Logistics Command (AFLC) implemented a program

to develop a corrosion severity classification for each

operational airbase as part of the Corrosion Prevention and

Control (COPCON) program (redesignated as Project RIVET

BRIGHT in 1971). Program development began in 1965 and

implementation was achieved in 1971. The program was desig-

nated PACER LIME in 1972 as an element of RIVET BRIGHT.

PACER LIME is a two phase effort: (1) Development of an

equation or algorithm for computing a priori a numerical

corrosion factor which combines weather and other environmental

factors; (2) experimental measurement of corrosion ,evee:ity

at selected locations through atmospheric corrosion tests.

The experimental data would be used to "calibrate" the

computed corrosion factor.

An initial corrosion factor equation, combining certain

weather and qeographical factors, was developed in 1971.

Interim numerical classifications were published for 39 SAC

airbased in 1972, and for 95 USAF and 27 ANG airbases in

1973. A complete list was distributed in 1974 under the

title "PACER LIME Interim Corrosion Severity Classification."

These interim values were to be compared with corrosion

maintenance vxperience and the results of the PACER LIME

atmospheric testing pro;ram. The corrosion facto:r equation

then would bc modified and used to I-ompute working corrosion

severity nlazsificrations. The experimental phase produced

uSeful data very ";lowly, however, and analysis of maintenance

experience pIoved to be more complex than expected. Conse-

quently, revision of the corrosion factor equation has been

delayed cons: derably.

ORecord.2; of the Program were the source for the following
discussion. These records are the property of USAF Corrosion
Management Olfice, MMETC, Robins AFB, GA.
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The need for environmental guidelines was so great,

however, that the Interim Classifications were soon used to

develop maintenance interval guidelines, e.g., for washing

and corrosion inspections. In several cases these guidelines

correlated poorly with field-level experience and a few

computational errors had occurred. Thus, the validity of

the gLidelines and the corrosion factor equation was severely

questioned.

The experimental phase of PACER LIME would provide a

calibration reference point for the corrosion factor equation

by measuring corrosion rates at several airbases. The test

sites were selected in order to span the range of environments

from mildest to most severe. Alloys representative of those

used in modern airframe construction were chosen for outdoor

exposure. Program planning was completed in 1971, most test

stands were installed in 1972, while the remaining stands

were installed in 1973 and 1975. Despite numerous difficulties

and misfortunes, considerable data was accumulated between

1972 and 1978. Analysis of the data, in terms of environmental

parameters, however, proved to be more complex than expected.

In 1978 it was determined that adequate in-house USAF

resources could not be made available for the completion of

PACER LIME, and the Program was assigned under contract to

Michigan State University. The objectives of the MSU effort

were to complete the program by analyzing results of the

corrosion exposure test program, the Base Corrosion Severity

Classification System, and to develop an improved classifi-

cation system. This improved system was to be applied to

the environments of all USAF, AFRES, and ANG airbases in

order to provide ratings for each. These objectives have

been accomplished and are discussed in this Final Report.

The Report is divided into two parts, which are being

published separately. The first part discusses the Corrosion

Severity Classification System and the second part the

Corrosion Exposure Test Program.

3



I1. TIHE CORROSION SEVERITY CLASSIFICATION SYSTEM

. r-:nvironMental Variability

The variability of environmental corrosion severity has

l1,4ri w. II .-: ah, )inhed by t inospheric testing programs. 8 , 1 1 1 4

Pelative severity is commonly indicated by designating an
environment as rural, urban, industrial, marine, or an

appropriate combination of these terms. Moreover, many

studies7,9 have shown that certain environmental factors,

e.g., moisture, salt, and pollutants, are responsible for

the more rapid corrosion observed in environments containing

them. Consequently an environmental rating scale which

takes into account those factors could provide a more useful

indication of relative severity which could be used in
management of aerospace systems.*

. It would be difficult to devise a general rating system

which would predict the corrosion damage to every metal.

Different metals display widely diverse behavior in a given

environment and also from one environment to another. Some
alloys are more resistant in marine locations than industrial,

and the reverse is true for others. The several factors

which influence corrosion are present in a unique combination

for a given site, and precise information relating the

corrodibility of a specific alloy to every environmental

factor is not available. In the case of aircraft, however,

one is concerned with a limited number of alloys, a few each

of aluminum, steel, titanium, and magnesium.** In addition,
a precise rating scale is not needed for logistic decisions,

but merely a relative rating. It is commonly known that
aircraft - like automobiles - are corroded more severely in

rome environments than others. Finally, since military

aircraft spend most of their lifetime on the ground at the

*And other systems as well, cf. Scheffer 1 5 .

**The scope of this study is restricted to corrosion of
structural alloys, excluding engines and avionics. Materials
of these latter systems, however, probably will respond to
environmental corrosive factors in a similar way 16.
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home airbase,6 a system for classifyinq the severity of air-

base environments is quite reasonable.

2. Atmospheric Corrosion in Aircraft
7Tomashov distinguishes the following types of atmospheric

corrosion:

(1) "Wet atmospheric corrosion" caused by visible drop-

lets of condensed moisture on the surface. Such moisture

may result fzom dew, frost, rain, snow, or spray;

(2) "Moist atmospheric corrosion", which occurs at

relative humidity less than 100%, and proceeds under a very

thin, invisible layer of electrolyte formed on the surface

by capillary action, physical or chemical adsorption;

(3) "Dry atmospheric corrosion" which occurs in the

complete absence of a moisture film.

Both wet and moist atmospheric corrosion occur in air-

craft. Water accumulates on metal surfaces as condensation

(dew, fog, from humid air on cold post-flight surfaces),

rainfall on exterior surfaces and through open hatches, and

various inadvertant spills. Dry atmospheric corrosion,

however, is unimportant because aircraft alloys do not

corrode in the absence of moisture.

Thus the range of corrosion problems in aircraft may

be categorized as:

(1) Wet and moist corrosion of bare, unprotected metal

surfaces;

(2) wet and moist corrosion of protected metal surfaces

subsequent to failure of protective coatings. Protective

coatings fail because of solar radiation, atmospheric

contaminants (mainly ozone and other oxidants, particulates,

* •fuels, and exhaust gases), high speed air ablation, and

* •mechanical abrasion and flexure;

(3) Corrosion caused by contaminants of human origin

including spilled beverages, human waste, hydraulic fluids,

and battery acids.

The first and second categories of corrosion may be

related to the ambient environmental factors which accelerate



corrosion of metals or degradation of protective coatings,

hence an environmental rating system would be relevant to

them. The third category is a housekeeping problem. Although

it should be relatively easy to control and prevent such

damage, it is in fact a serious problem in USAF aircraft.

The quality of housekeeping varies from one airbase to

another6 and thus conceivably might be considered an environ-

mental variable. Since it is not easily measured, and it

varies unpredictably from time to time, it cannot be

considered in a rating system.

3. Factors Affecting the Rate af Corrosion

The rate of metallic corl.osion in the atmosphere is

determined by three sets of variables:

(1) Weather conditions, especially those relating

to moisture;

(2) Atmospheric pollutants, both natural and anthro-

pogenic;

(3) The nature of the metal.

The relationship of weather and pollutants to the corro-

sion of aircraft alloys of interest in PACER LIME will be

discussed in some detail.

a. Weather

Weather parameters include temperature, precipitation,

solar radiation, wind direction, wind speed, relative

humidity, dew point, cloud cover, and fog. 1 0  All can affect

the rate of corrosion, but water (and therefore those

parameters related to water) will produce the largest

influence. Vernon 1 7 ' 1 8 has shown that a given metal corrodes

rapidly when the relative humidity exceeds a critical value,

but corrodes slowly or not at all at lower humidity. The

value of the critical humidity varies from one metal to

another, and the presence of various pollutants can change

the value as well as the corrosion rate. The critical

humidity for ferrous alloys is about 70% in the absence of

other factors; in the presence of sulfur dioxide, however,

6



it is reduced to about 60%. Similarly in the presence of

S12, the critical R11 is about 70% for aluminum. Unfortunately

ve!ry few data are available for other metals.

A film of moisture will deposit from humid air on metal

surfaces of aircraft under several conditions: if the

metal is colder than the air (immediately following high

altitude flight), if hygroscopic salts (corrosion products,

pollutant deposits) are present, or through adsorption.

The film thickness, from two or three to several hurndred

molecular layers, will be determined by the humidity value

as well as the nature of the adsorption process.7 Consequently,

the relative humidity alone is not sufficient to determine

completely relative corrosivity, but it can provide a good

first approximation.
Dew, fog, and rain, on the other hand, wet exposed

surfaces immediately. Dew condensation occurs when air

cools to its dew point temperature, corresponding to 100% RH.

The air itself need not cool to this point, however, before

moisture accumulates. The only requi'einent is that the

metal surface be sufficiently cooler than the surrounding

air. At 80% RH, for example, the surface need be only 60F
19

cooler than the air.
10There has been much discussion on the effects of

rainfall. Rain is thought to promote corrosion by providing

moisture and washing away soluble corrosion products. It

also is believed to retard corrosion by washing away pollutant

deposits. Thus light rain would be harmful, but heavy rain

would be beneficial.

The beneficial effects appear to be unimportant in

aircraft corrosion, because, generally, paint protects

aircraft surfaces exposed to the washing effects of rain,
whereas corrosion occurs underneath the paint at cracks,

etc., where the washing is ineffective. Interior surfaces

carelessly exposed to rain, however, are wetted and not

washed, and water is harmful to the less well protected

surfaces. Accordingly, rain should be considered a harmful

source of moisture.

7
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Air temperature, humidity, solar radiation, cloud cover,

and wind speed affect the rate of water evaporation. Also,

temperature strongly influences the rate of corrosion

reactions, thus corrosion rates would be expected to increase

as the temperature rises. But oxygen, dissolved in the water

electrolyte, is required for most corrosion reactions and the

solubility of gases decreases with increasing temperature.

Rozenfeld 9 considers in some detail the interaction of

temperature and moisture, and points out that the time of

wetness will vary with temperature. Thus corrosion rates

are greater in northern regions, where temperatures are low,

than in warmer southern regions because moisture remains on

metal surfaces longer at the cooler northern temperatures,

but evaporates faster in southern warm temperatures. A

combination of high temperature with prolonged moisture

contact, however, will result in severe corrosion. For

example, corrosion of marine pilings in summer is rapid

near the water surface where they are wetted continually,

but quite low at higher points where they are wetted only

occasionally by rain. It remains difficult to predict,

though, the effect of temperature on corrosion processes

in the atmosphere.

b. Pollutants

Atmospheric pollutants are natural and anthropogenic

airborne substances present at harmful concentrations. These
20

substances usually are described as follows, including

only those known to contribute to corrosion: 2 1

(1) "Particulates" includes both solid and liquid

material in particle sizes from 0.1 to 100 jim. Dust, grit,

fly ash, and visible smoke particulates larger than 20 pm

settle to the gound somwhat quickly. Smaller particles

remain suspended much longer and may be dispersed over

extremely wide areas. Thus large particulates potentially

might cause corrosion problems close to the source (sea

salt-spray is a special case), whereas small particulates

8



can be important factors at great distances from their source,

e.q., dust storms, and farming activities in the U.S. Great

Plaiins result in elevated particulate concentrations down-

wind in the north east.

Particulates vary widely in chemical composition. They
22generally are classified according to the source: (1) salts

from sea spray and salt flats; (2) dusts from agricultural

lands; (3) soots from the incineration of agricultural wastes

and the burning of fuels; (4) agricultural and industrial

dusts. Ninety per cent of airborne particulates originate

from natural sources. Very few monitoring stations report
the chemical compositions of particulates, but provide only

total concentrations. Thus, although the corrosiveness of
various particulates may vary widely, there is no way to
take account of the differences, because data are not avail-

able. Geographical proximity to salt, however, is a notable

exception. The corrosivity of salt is well established, but

for other particulates, there exist only a few studies 22

which show corrosion to be more severe in industrialized

areas with high particulate concentrations. These studies

are ambiguous, however, because other corrosive factors

are present.

The presence of salt greatly increases corrosion rates

for nearly all metals,7'9 hence the proximity of salt sources
will be of much concern. Environments where airborne salt

concentrations are high will be high risk environments.

When soluble salts, e.g., sodium chloride or ammonium

sulfate, are present, corrosion products usually are water

Ssoluble and readily removable. Corrosion products which

form in the presence of water only, however, usually are

weakly soluble, thus not readily removed, and serve a

-' protective function to the underlying metal. In addition,

many anions remove primary oxide films or displace oxygen
9layers which are passivating.

There is a synergistic effect between salt deposits

and the atmospheric water content. The deliquescent salts

91~
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undergo a phase transformation from dry crystal to a solution

droplet when the ambient water vapor pressure exceeds that
7

of a saturated solution of the highest hydrate. The relative

humidities at which this transformation occurs for ammonium

sulfate, sodium sulfate, sodium chloride, and ammonium

nitrate are 80, 86, 75, and 62 per cent, respectively. Thus

salt deposits both attract moisture to metal surfaces and

provide the electrolyte solution required for corrosion.

(2) Sulfur, another atmospheric pollutant, enters

the atmosphere in a variety of forms, including sulfur

dioxide, so , hydrogen sulfide, H2 S, and sulfate salt particu-

lates.23 About two thirds of all atmospheric sulfur comes

from natural sources, mainly as H2 S from bacterial action

which later is converted to sulfur dioxide. Estimates of

world-wide emissions of sulfur dioxide emitted initially as

so2 , both man-made and natural, show that more than 80% (or

16% of the total in the air at any given time) comes from

combustion of sulfur-containing fuels. The smelting of

nonferrous metals and petroleum refining account for most

of the remaining 20%. The only apparent natural source of

sulfur dioxide is a small contribution from volcanoes.

Sulfur dioxide initially is oxidized photochemically

to sulfur trioxide, which then combines with water to form

sulfuric acid. The primary oxidation process may follow

several different paths and can proceed rapidly in polluted

atmospheres. In air containing nitrogen dioxide and certain

hydrocarbons, sulfur dioxide is oxidized in a photochemical

reaction procss that produces aerosols containing sulfuric

acid. Also, sulfur dioxide can be oxidized in water droplets

itha contain ýmurnonia, the end product being ammonium sulfate

aerosol. Both sulfuric acid and sulfate salts thus formed

are removed by precipitation and, to a lesser extent, by

gravitational settling.

A large part of the sulfur in the global atmosphere is

emitted a- hydrogen sulfide produced naturally by decaying

organic matter on land and in the oceans and by volcanoes.

10



Hydrogen sulfide also is emitted by some industrial operations
and by catalytic converter-equipped automobiles. Hydrogen
sulfide, like sulfur dioxide, is oxidized in the air and
eve:,tually converted to sulfur dioxide, sulfuric acid, and

sulfate salts.

on a loca4 . or regional basis, the mechanisms by which
sulfur compounds are removed from the air may produce signi-

ficant effects. In the early 1960's as the concentration

of sulfur compounds in air over Europe began to rise, so
did the acidity of precipitation. 24 Both phenomena are

attributed to increased use of sulfur-containing fuels.
Many materials, in addition to metals, deteriorate in

the presence of atmospheric sulfur in one form or another. 2 3

Ferrous alloys, in particular, corrode more rapidly in the
presence of SO2 , the effect apparently being synergistic
with moisture. Hydrogen sulfide attacks copper and silver
to form a nonconductive sulfide film, causing electrical

contacts to fail.

In the U.S., ambient So levels have decreased in recent
years because of reduced usage of coal and enforcement of

25"environmental protection" legislation. It appears
likely however, that energy considerations will force the
U.S. to use more coal, and SO2 concentrations probably will
reach levels no lower than they are today and may even

increase.

(3) Hydrocarbons26 mostly come from natural decomposi-
tion of organic matter. Anthropogenic sources are important,

however, because they may be highly concentrated geographically
where they are not rapidly dispersed. The most notable
example is the Los Angeles basin, where the sources are

- automobile gasoline engines. The fate of the hydrocarbon
poliutants involves the reaction with oxides of nitrogen

to form photochemical smog, which include a variety of
secondary pollutants such as ozone, nitrogen dioxide, and
p,.. -xyacetyl nitrates. Hydrocarbons themselves are not

11
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damaging either to metals or protective coatings, but
27photoch'rmical oxidants are harmful to both.

(4) Nitrogen oxides,28 NOR, arise from both natural and

iant.hropogenic sources. The former mainly are organic

decomposition, the latter the internal combustion engine.

Internal combustion initially yields nitric oxide, NO which

by itself is relatively harraless. In the atmosphere, however,
NO oxidizes to nitrogen dioxide, NO2 , which is harmful both

directly as an irritant and indirectly in the formation of

photochemical smog. The chemical reactions occurring in

the presence of NO2 , hydrocarbons, and sunlight are complex

but yield an atmosphere which is aggressive in the destruction

of organic materials such as paint films and protective

coatings.

The corrosive effects of NO and photochemical oxi-

dants27,28 probably are indirect. These pollutants may

decompose protective finishes on aircraft resulting in
premature failure of the coating and exposure of underlying

metal. It should be remembered that the nature of local

pollutants is relevant to the type of aircraft corrosion

problems to be expected. In the industrial eastern U.S.,

smog containing so2 will produce direct metal corrosion to

the interior and exposed exterior metal parts of an air-

craft, whereas a Wos Angeles photochemical-type smog will

damage finishes and seals, followed by corrosion of under-

lying metal.

4. Est~ablishiing Fnvironmental Quality SLandards
For Corrs. ion
Corrosion ac,-elerates when the followitig environmental

factors are prresent:

¶ (1) llumidity, rainfall, and solar radiation;
(2) Proximity to the sea or other salt sources; and

(3) PoIIututat.s, mainly sulfur oxides, particulates,
photoche-mical oxidants, and nitrogen dioxide.

The prevalence of these environmental factors varies widely
from one geographical location to another and even within

12



relatively small areas.29 Moreover, there is much empirical

and experimental evidence to show that environmental corro-

sivity becomes increasingly severe as these factors increase,

but at low values, their effects on corrosion are negligible.

Thus, it is reasonable to assume the existence of a critical

value for each factor, either alone or in combinations, which

then could be used to establish environmental severity. The

critical value may sharply divide slow and rapid corrosion,

such as for iron and aluminum in the presence of S02 versus
92

humidity (cf. Rozenfeld , pp. 106 and 109). Alternately

the variation of damage with the environmental parameter

may be gradual, such as the repainting of houses vs. particu-

late concentration (cf. Stoker and Seager 30, p. 98), thus

the critical value is less precisely defined. Where such

critical values are known, they can be utilized directly as

environmental quality standards.

Unfortunately, such data are nearly nonexistent for all

environmental factors except possibly humidity. Most labora-

tory studies of pollutant effects on corrosion have used

concentrations much higher than any found in even the most

polluted environments, hence, it is difficult to establish

their relevance in real environments. Much effort 2 2 ' 2 3 ' 2 6 2 8

has been devoted to establishing critical concentration

levels with respect to human health, plant, and animal

welfare which form the basis of ambient air quality standards.

A critical concentration for materials damage, however, may

be higher or lowi-r than these. Thus the problem of estab-

lishing environmental standards for corrosion is neither

simple nor straightforward.

A set of working environmental corrosion standards

(WECS) might be developed by consideration of the following:

(1) The range of values for the several ambient

parameters, which will establish the limits of environmental

exposure, if not the damage to be expected. Such data

include maxima, minima, medians, and percentiles for the

1 13
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measured parameter. Since the actual environments are known

to vary in corrosion severity, it follows that critical

concentrations for practical use must be within the range

of ambient lciels, perhaps near the median values or higher.

(2) Ambient air quality standards established by the

Environmental Protection Agency are concerned primarily with

human health, as noted above. Nevertheless, they do summarize

(presumably) careful consideration of all available evidence

by a host of scholars and bureaucrats. The values represent

the highest levels believed safe for human health and comfort.

Although materials may endure higher concentrations or may

suffer damage from long term exposure to lower concentrations,

these values are a bench mark for damage to something.

(3) Experimental studies which relate corrosion damage

with pollutant concentrations and weather variables may

provide information for establishing WECS. Several studies,

using both real and simulated environments, have been

published.

a. Ranges of A.mbient Parameters

Within the United States, a number of weather and air

quality parameters are measured by several agencies. Weather

data are collected by the National Weather Service, the

USAF Environmental Technical Applications Center (ETAC), and

others, and summiaries are available. Weather data most

comimonly are measured at aerodromes because weather is a

critical factor in aircraft operational safety. Air quality

data - measurements of a limited number of pollutants - are

collected by federal, state, municipal, and private air

monitoring stations, and the results are compiled by state

agencies and, nationally, by the U.S. Environmental Protec-

tion Agency. The purpose of this program is to evaluate

air quality primirily in the most densely populated regions

of the country. Thus the results are reprvesentative of the

population distribution rather than geography. The, would

not necessarily represent the environments to which aircraft

A 14



may be exposed and may not be directly relevant to aircraft

corrosion. Moreover, many monitoring stations - especially

private ones - were established to track specific pollution

sources, e.g., certain manufacturing operations, thus their

data may reflect highly localized conditions. Despite these

limitations, the national data as compiled by EPA are the

only data available to assess the range of exposure.

Graedel and Schwartz 3 1 analyzed ambient atmospheric

conditons and quality based on National Weather Service and

EPA data. Weather data spanned 30 years from more than 200

measuring sites, and air quality data, mostly from CY 1973,

represented as few as 82 to as many as 3760 measuring sites

for the several pollutants. Graedel and Schwartz's objective

was to determine the range of environmental parameters to

which materials are exposed in the U.S. and thus establish

"bench marks" for laboratory or field testing. Weather

data analyzed by the authors were mean annual temperature

and mean annual absolute humidity. Pollutant data were the

annual median of hourly averaged continuous data for each

measuring site.

We note three results of Graedel and Schwartz for each

atmospheric parameter: the median of the 50th percentiles,

the median of the 99th percentiles, and the maximum value

reported (Table 1). The 50th percentile median represents
"average of averages" values reported, whereas the 59th

percentile median is the level exceeded at only 1% of all

air quality sites. Gracdel and Schwartz define the 99th

percentile medians as Atmospheric Upper Limit Values, AULV,

or "mean high water marks" which ma,: be used for design

purposes with the expectatinn that 99% of the applications

will encounter levels below the AULV. The maximum value

was the highest mean reported.

The distribution of means as shoiwn by Graedel and

Schwartz is more-or-less Poisson-like for all factors except

ozone and So.). For ozone, a large number of sites reported
S•g3

values below 20 ug/m and a substantial number were grouped

15
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TABLE 1. RANGES OF ENVIRONMENTAL

AMBIENT PARAIIETERS, CONTINENTAL U.S.31

50th 99th Maximum
Percentile Percentile Reported

Total Suspended 6
Particulates, hg/m 61 185 500

3
Sulfur Dioxide, iig/m3 43 186 410

Photochemical Oxidants,
as ozone, pg/m 3  36 90 110

Nitrogen Oxides
as NO, wg/m 3

3  25 88 98
as NO2 , 4g/m3 72 135 150

Temperature, 0C 11.8 23.3 25.7

Humidity, absolute,
g/m 3  7.1 16.5 18.3

16
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between 30 and 60 .g/. Nevertheless, th3 median, 36 jg/m

lrobh]by is a valid demarcation between hiqh and low concen-

tration siten;. Sulfur dioxide data from 447 monitoring sites,

however, was highly skewed toward low values. Indeed, the

maximum number of sites reported values at the median and

mean value of 43 pg/m3 , and only 17% of monitoring stations

reported means greater than 53 pg/m3. Because of this, the

significance of the median value for SO2 is placed in a

different light than for the other parameters. This is

especially unfortunate because of the peculiar role of So

in corrosion.

Critical levels of atmospheric factors probably are some-
where between the median values and the worst-case maxima or

eveŽn the AULV's. Clearly the AULV's represent the most hostile

environments for individual atmospheric factors in the CONUS,

and this worst 10% level would be inappropriate to use in a

practical environmental rating scale. To be sure, a design

engineer might wish to plan for all but the most hostile

environments, as Graedel and Schwartz sugqest, but experience

shows that this has noC been the case in the past. It may

IYbe noted that the list of monitoring stations (their Table 2)
which exceed the AULV's includes San Bernandino, CA only

once (for nitrate ion particulates), whereas Travis, CA and

Charleston, SC are not mentioned. All three of these have

been shown to be severe environments, the first for paint

degradation and the latter two for metallic corrosion.6"32,

b. Proximity to the Sea and Other 5ources of Salt

Scvural studies have slc own that accelerated
atmospheric corrosion near the seashore is correlated with

Sairborne sea salt. Establishing a critical distance from

the shore, however, is difficult because there is little
qtiantitative inf.Irmation relating corrosion to atmospheric

-f*The corrosive severity oi Travis and Charleston has

bcer attributed primarily to their proximity to salt water,
which in turn should indicate high concentration of sea salt.
C~rierel and Schwartz's list does include veal sites nedr
the ocean which exceed their particulate AULV.

17
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4 salt concentrations, or even relating salt concentrations

to distance from the shore. Sea salt is a primary concern

because there are few other sources of airborne salt. Coastal

salt flats, however, such as those south of Brownsville, TX,

have been shown to contribute atmospheric chloride downwind. 3 5

36
The study of atmospheric aerosols has centered mostly

on the distribution of particle sizes, rather than the mass

of aerosol per unit volume, i.e., micrograms per cubic meter

of particulate, as measured at air monitoring stations. The

upper limit of aerosol particle size is determined by sedi-

mentation processes. Particles larger than 20 pm radius

remain airborne for a short time and are found only in the

vicinity of their source. Hence, an atmospheric aerosol

by definition consists of particle-, between 0.1 jim and
20 pm radius. Aerosol particles commonly are classifed as

"Aitken" particles, < 0.1 om radius, "large" particles,

0.1 - 1.0 om radius, and "giant" pa-'ticles > 1 pm radius in

size. Larger particles settle from the air rapidly whereas

smaller particles persist in the atmosphere for long times

and travel large distances, and serve as condensation

points for rainwater precipitation. Consequently, chloride

in rainwater is correlated with small particles, whereas

direct settling of large particles occurs near the shore.

Thus measurements of sodiimu chloride in rainwater and of

atmospheric sodium chloride, particulates vs. distance from

the sea may suq:qest values for the critical distance.

(I) Salt in .iwatcr
The ¢.oncet~rat~en of sod.ium chloride in rainwater is

h qh ,.var -,ind over the ocean, hut diminishes inlandd,35 as

would h• e lct(ld. CmOcentOrationns over the sea are 8.0 ;9gi1,

and over land in the central U.S. are 0.1 The

concentration d-crea-es JoCarithmicallV wIth distance froom

the sea rp to 500 km in the U.S., and is constant at greater

edistances. ITn ;:urope, the concentration decreases logarith-

mically up to 300 kin, but increases slightly beyond that

13



4J distance apparently because of the influence of the Baltic

Sea.

It is unlikely, however, that chloride in rainwater is

relevant to aircraft corrosion. The exterior surfaces of

aircraft exposed to rain are protected by paint, whereas

most interior surfaces are not exposed to rain. Moreover,

the decrease of chloride in raiiwater occurs over large

distances, whereas the decrease in corrosion damage is

quite abrupt. Corrosion rates 10 km from the shore are

approximately the same as corrosion rates tar inland.

Consequently, the critical proximity should not be determined
from rainwater chloride concentrations.

(2) Particulate Sodium Chloride

Duce et al.37 have measured the concentration of particu-

late sodium chloride and other ions in the air at various

elevations and distances from the sea-shore on Hawaii Island,

HI. All measuring sites were downwind of offshore trade

winds. Their results show chloride concentrations at all

sites varying widely wi-h ambient weather conditions.' Their

primary interest was the variation of chloride and other

ionic components with elevation above sea level, rather than

-distance from shore. Ne-rertheless, the results show a

consistent, monotonic decrease in chloride concentration

with increasing distance from the shore.

The results of buce et al. are reproduced in part in

Figure 1. Also included are two additional reported values

for giant particle chloride concentrations, one over the

ocean and one near the shore in Massachusetts. The over-

ocean values should be compared with Junqe's summary 3 6

(p. 162) of salt concentration vs wind velocity measure-

ments, which illustrate the wide variability of such data.
34Hudson and Stanner found in Nigeria that sodium

chloride concentration in the air varies within wide limits
and depends strongly on the distance from the shore. The

sodium chloride content in the air is about .22 milligrams

per cubic meter. The amount of salt that settles out on

19
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the surface under these conditions reaches values from 10 to
1000 milligrams per square meter per year. Corrosion tests
were conducted at various distances from the shore with
simultaneous determination of airborne salt concentration.

The relationship between salt deposits and distance from the
sea as well as corrosion rates vs. distance from the sea

are shown in Figure 2.

Available evidence shows that giant particle chloride
concentrations in the atmosphere are reduced by about 1 order
of magnitude at a distance of 3/4 km from breaking surf. At
distances of about 15 km the concentration reaches a value
which remains nearly constant further inland.

SJunge36 (p. 176) has drawn together the available data
* on giant salt particulates vs. distance from sea. Values

of 5 1ig/m 3 correspond to near-shore and approach 0.5 pg/m
at distant points inland.

The available data on atmospheric corrosion near marine
environments suggests that the decrease in corrosion rate
parallels this decrease in giant salt particulates, and
Itiarine atmospheres are aggressive in direct proportion to
the concentration of (airborne) NaCl particles" (Rozenfeld 9).

Most studies sUggest a critical distance of less than
1.5 km for sites where strong off-shore winds are not
prevalent. Allowing for the variability of weather, how-
ever, it seems prudent'to extend this to 4.5 km.

c. U. S. National Ambient Air Quality Standards (NAAQS)
The Federal Clean Air Act (Public Law 91-640) directed

the Environmental Protection Agency (EPA)
"to publish proposed national primary and- secondary ambient air quality standards
based upon air quality criteria Ialso

* ., issued by EPA). Primary ambient air quality
standards define levels of air quality
which [the EPA judges] necessary, based on
the air quality criteria and allowing an
dequate -rgin of safety, to protect the

public hL'alth. Secondary ambient air quality
standards define levels of air quality which
(EPA] judges necessary, based on the air

21
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quality criteria to protect the public
welfare from any known or anticipated 4 0
adverse effects of an air pollutant."

Air quality criteria published by EPA summarize the scientific

knowledge relating pollutant concentrations and their
adverse effects. They were issued to assist the development

of air quality standards. Air quality criteria merely

describe effects that have been observed when the ambient

air level of a pollutant has reached or exceeded a specific

value for a specific time interval. In developing criteria

many factors were considered, including the chemical and

physical characteristics of the pollutants, the techniques

available for measuring them, exposure time, relative humidity,

and other conditions of the environment. The criteria

attempted to consider the contribution of all variables to

the effect of air pollution on human health, agriculture,

materials, visibility, and climate. Air Quality Standards

on the other hand legislate pollutant concentrations that

the government determines should not be exceeded in a

specified geographic area. Primary standards were intended

to protect public health, whereas secondary standards were

intended to protect public welfare. Public welfare includes

effects of pollutants on soil, water, vegetation, materials,

animals, weather, visibility, and human comfort. (Materials

significantly are not important.) In the case of some

pollutants, the primary and secondary standards are the

same, whereas for others, notably sulfur oxides and particu-

lates, the secondary standards are lower. These standards
are listed in Table 2.

It is difficult to determine how EPA based the NAAQS

on the respective Air Quality Criteria. 2 2 ' 2 3 ' 2 6 2 8  Comments

submitted to EPA, subsequent to the first publication of

standards, "reflected divergences of opinion among interested

and informed persons as to the proper interpretation of

available data on the public health and welfare effects

of the six pollutants .. .41 suggesting that others
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TABLE 2. NATIONAL AMBIENT AIR

QUALITY STANDARDS 4 1

Primary Secondara

Sulfur dioxide 80 60 Pg/m3 , annual arithmetic
mean

365 2 6 0 b pg/m 3 , 24-hour maximum
31300 Pg/mr, 3-hour maximum

3Particulate matter 75 60 pg/mr annual geometric mean
260 150c lig/m 3 24-hour maximum

Carbon monoxide 10 10 mg/m , 8-hour maximum
40 40 mg/m , 1-hour maximum

Photochemical
oxidants 160 160 pg/m3, 1-hour maximum

Hydrocarbons 160 160 Pg/m , 6 to 9 AM maximum

Nitrogendioxide 100 100 Pg/m , annual arithmetic
mean

aMaximum values are not to be exceeded more than once per year.

as a guide to be used in assessing implementation plans
to achieve the annual standard."

CO . as a guide to be used in assessing implementation plans
to achieve the 24-hour standard."
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could not follow the logic used in developing standards.

"In reviewing the proposed standards, the Environmental

Protection Agency limited its consideration to comments

concerning the validity of the scientific basis of the

standards.
"ICurrent scientific knowledge of the health and welfare

hazards of these air pollutants is imperfect." 4 1 Indeed!

The Clean Air Act, however, required the promulgation of

standards by a specific date. Accordingly EPA had no choice

but to base these standards on the available data. That data

as quoted in the Air Quality Criteria are sketchy and

contradictory. Using the available scientific evidence,

any standard value could be established within a wide range.

In responding to comments on the initial standards, EPA

did state the basis for setting several of the standards.

The standard for carbon monoxide
"was based on evidence that low levels of carboxy-
hemoglobin in human blood may be associated with
impairment of ability to discriminate time
intervals . . . In the comments, serious questions
were raised about the soundness of this evidence
(and] extensive consideration was given to this
matter. The conclusions reached were that the
evidence regarding impaired time-interval discrim-
ination have not been refuted and that a less
restrictive national standard for carbon monoxide
would therefore not provide the margin of safety
which may be needed to protect the health of
persons especially sensitive to the effects of
elevated carboxyhemoglobin levels. The only
change made in the national standards for carbon
monoxide was a modification of the 1-hour value.
The revised standard affords protection from
the same low levels of blood carboxyhemoglobin
-as a result of short-term exposure. The national
standards for carbon monoxide, as set forth below,

* are intended to protect against the occurrence
of carboxyhemoglobin levels above 2%.

"Natioial standards for photochemical oxidants
have also been revised. The revised national

* primary standard of 160 micrograms per cubic
meter is based on evidence of increased frequency
of asthma attacks in some asthmatic subjects on
days when estimated hourly average concentration
of photochemical oxidant reached 200 micrograms
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per cubic meter. A number of comments raised
serious questions about the validity of data
used to suggest impairment of athletic performance
at lower oxidant concentrations. The revised
primary standard includes a margin of safety
which is substantially below the most likely
threshold level suggested by this data.

"National standards for hydrocarbons have been
revised to make these standards consistent with
the above modifications of the national standard
for photochemical oxidants. Hydrocarbons are a
precursor of photochemical oxidants. The sole
purpose of providing a hydrocarbon standard is
to control photochemical oxidants. Accordingly
the above described revision of the national
standards for photochemical oxidants necessitated
a corresponding revision of the hydrocarbon
standards.

"National standards for nitrogen dicxide have
been revised to eliminate the proposed 24-hour
average value. No adverse effects on public
welfare have been associated with short term
exposure to nitrogen dioxide at levels which
have been observed to occur in the ambient
air. Attainment of the annual average will,
in the judgment of the EPA, provide an adequate
safety margin for the protection of public
health and will protect against known and
anticipated adverse effects on public welfare."

We conclude that the NAAQS are of little relevance to

corrosion in aircraft.

d. Experimental Studies Relating Corrosion to
Environment

Several studies have attempted to develop quantitative

relations between corrosion and environmental parameters.

These will be discussed as possible indications of critical

values.
Upham4 2 conducted atmospheric studies at

e exposure

established air monitoring sites in St. Louis and Chicago.

His results showed approximately linear relationships

between corrosion rates and SO. , TSP, and surface sulfation

rates for low-carbon, low-copper mild steel panels.

Mansfield43,44 has extended this work to a wider variety of
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4 materials at St. Louis sites, but analysis of the results is

not complete.

Cuttman21 conducted a long term exposure program using

zinc at a single site and compared the results with environ-

mental conditions. He showed that the most important factors

are time of wetness and the atmospheric concentration of SO 2 ,

and, further, that the time of wetness is a consequence of

ambient relative humidity. He found temperature not to be

important. Using a curve-fitting technique, Guttman obtained

an empirical equation

y = 0.00546 A0 8 1 5  (B + 0.0289),

where

y = corrosion loss, mg/3x5-in panel,

A = time of wetness, hr., and

B = so concentration during the time panels
2were wet, ppm.

This equation suggests a linear dependence of corrosion damage

on SO2 concentration, which would imply that there is ý,o

critical concentration. Guttman did not relate time of

wetness to weather parameters, thus it doesn't help this

study.

Haynie and Upham 45, 4n an extension of Guttman's work

with zinc, assumed a linear dependence of corrosion on mean

relative humidity and mean SO 2 concentration. Zinc speci-

mens were exposed at a number of U.S. Public Health Service

Continuous Air Monitoring Program (CAMP) sites. Corrosion

damage to the samples was compared with CAMP pollutant data

and weather data from the nearest weather station. Statis-

tical analysis yielded

y 0.00104 (RH - 49.2) SO2 - 0.00664 (RH - 76.5)

where

y zinc corrosion rate, um/yr.,

RH = mean relative humidity, %, and

so2 =mean so2 concentration, lig/m
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This equation suggests that zinc will not be wet below RH of
76.5% in the absence of So 2 and, furthermore, increasing
humidity above that point inhibits corrosion. Haynie and
Upham view this as consistent with the formation of a pro-
tective carbonate film. In the presence of So 2 , however,
their equation indicates a linear dependence on the product
of RH with SO and a linear dependence on so2. Again,
critical values of each parameter are not indicated.

Equations such as these can be used to predict the use-
ful life of galvanized iron products which are scrapped when
the zinc coating is perforated. Haynie and Upham have made
such predictions for various environments and their results

compare well with experience.
Haynie and Upham46 conducted a more extensive study of

the corrosion of enameling steel and atmospheric factors.
Specimens were exposed at 57 sites of the National Air
Sampling Network (NASN) coordinated by the EPA. Weight loss
data were obtained at one year and two years and were
correlated with mean weather data (RH and temperature) and
pollutant concentrations (So , TSP, sulfate ion So4, and

2 4nitrate ion NO3 ). Correlation analysis identified the
variable set which was used in multiple regression analysis.
Haynie and Upham found that corrosion of steel is a function
primarily of SO4 , NO3 , RH, and time. Temperature, TSP,
and SO2 appeared to be insignificant. Because of an observed
covariance between SO4 , and S02 , together with many other
studies which had shown a relation between corrosion and

SO2 , Haynie and Upham suggested that SO4  may be merely a
"proxy" variable for S02. When SO4  data were excluded from
their analyses, the empirical fit was nearly as good with

SO., as with SO
4.

The relation between corrosion for this steel and the
environmental factors considered was best expressed as

corr. 183.5 /O-exp(O.0642 Sul - 163.2/RH),

where

28



t time, yr.,
= m3'

Sul mean concentration SO4  or So 2 , pg/m and

RH relative humidity, per cent.

Ity transposing the time factor to the left hand side, Haynie

and Upham show the dependence of "pseudocorrosion rate",

corr.//Ft, on So2 concentration and relative humidity.

Environments where RH and SO2 are high should be more

corrosive and maintenance to equipment will be required

more frequently. The frequency of a given maintenance

operation would be inversely proportional to the time required

for corrosion to reach a specified depth. Thus a crude

estimate of the ratio of maintenance frequency in a SO2 polluted

environment to that in a cleaner environment is given by

Haynie and Upham as

MFR = exp(.006 SO2 ),

or

MFR = exp[.006 SO -SOb)]
2a 2b

where MFR - maintenance frequency ratio, and a, b refer to

two different environments.
47Haynie, Spence, and Upham have studied the corrosion

of weathering steel and galvanized steel in a laboratory

chamber with various combinations of humidity, radiation, and
pollutants. Experiments were conducted in *-tmospheres

containing SO 2, 14O2, 031 and water vapor, each at two different

concentr-ations as listed in Table 3, and the results were

compared with corrosion rates in clean humid air. This two-

level factorial arrangement was selected to identify environ-
mental factors statistically. It may be noted from Table 3

that the three "low" po)lutant concentrations are essentially

equal to the primary NAAQS values, and considerably higher

than the 50th percentiles of Graedel and Schwartz3 1  Abso-

lute humidities are very high compared with the ambient 50th

percentiles. The "high" values of the several factors are

many times greater than the extreme values oi the U.S.
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TABLE 3. ENVIRONMENTAL FACTORS AND

LEVELS USED BY HAYNIE, SPENCE,
AND UPHAM47

Level.
Environmental

Factors Low High

Sulfur dioxide, jpg/m3 79 1310

Nitrogen dioxide, pg/m 3  94 940

Ozone, pg/m 3  157 980

Absolute humidity, g/m 3  19.8 35.7

RH (at 350C) 50 90

3
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Analyzing the results, Haynie et. al. conclude that only

so 2 humidity, and their interaction are significant factors

in the corrosion of weathering steel. For galvanized steel,

only the direct effects of the two were of importance. Thus,

they view NO2 and 03 as having little or no effect on the

corrosion of these alloys.

Their corrosion rate results, reproduced in part in

Table 4 however, suggest otherwise. (We must admit we do

not have access to their complete analysis.) Corrosion rates

in the atmospheres containing the three pollutants and mois-

ture are significantly increased over those in humid air

alone. Raising each pollutant to the "high" value one at a

time again results in strikingly increased corrosion rates,

the largest increase being for SO2 . From these data, it

appears that NO2 and 03 do accelerate corrosion 1 tes, although

inot as much as SO

e. Working Environmental Corrosion Standards (WECS)

After considering the existing literature on materials

degradation and environmental factors, we conclude that

there are no firm guidelines for setting WECS, with the

exception of humidity. Metallic corrosion is definitely

accelerated in the presence of SO, and high humidity, and

probably accelerated by NO oxidants, and many particulates.
2#

Orqanic protective finishes are deteriorated by solar

radiation, oxidants, some particulates, and possibly by NOx

and SO2. Published research does not tell us, however, at

what level these factors become significantly damaging.

Accordingly, we adopt the view that critical values lie

within the ran'e of ambient values, because accelerated

corrosion has been observed in existing environments. We

adopt two sets of WECS based on the analysis of Graedel and

Schwartz . The first set are their 50th pnercentile values

and the socond :ol. are the 30th percentile values plus 20

percent of the diý:ference betweeni the 99th and 50th percen-

tiles. These are lisfed in Table 5. The values for

prox:mity to salt or sea are based on the analysis presented
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TABLE 4. CORROSION RATES (ILM/YEAR) OF

WEATHERING STEEL IN DESIGNATED

CONTROLLED ATMOSPHERES (AFTER
47HAYNIE, SPENCE, AND UPHAM4)

Low RH Low RH, 03, High,SNO 2 , and SO2 _ _ _ _ _

Only NO_2__andSO_2Others Low

28 84 RH .147

03 123

NO2  162

s SO2 371

High PH High RH, low High RH, High
Only V NO and SO 2  H others Low

86 147 03 230

NO2  178

SO2 656

i
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•I TABLE 5. WORKING ENVIRONMIENTAL

S~CORROSION STANDARDS (WECS)

• Annual Mean
I II Secondary

Suspended Particulates, Pg/m 3  61 86
•t m3

Sulfur dioxide, pg/m, 43 72

Ozone, pg/m3  36 47 79

Nitrogen dioxide, pg/m 3  64 78 122

Absolute huntidity,* g/m 3  7.1 9.0

Proximity to sea or salt source, km. 4.5 2

Solar radiation, July (Langleys) 600 650

Rainfall,: cm. total 125 150

*Absolute humidity is the product of relative humidity and
the mass of water in one cubic meter of water-saturated
air 4 8 at a given temperature.
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earlier of published data. The solar radiation values are

based on the mean (July) values for the continental U.S.

These WECS have been used in the Corrosion Severity

Index Algorithms (described in a subsequent section) and the

results compared with experimental environmental ratings.

The agreement is sufficiently good that the values of Table

5 together with the Algorithms may be used to compute accurate

relative environmental severity for corrosion in aircraft.
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5. Corrosion Severity Algorithms

a. The 1971 Corrosion Factor Equation

Evolution of the 1971 CF equation spanned several years.

Many factors were considered (Table 6) which might be used to

derive a three-step rating scale (mild, moderate, severe).

"Parameter limits were established by relating
10-2G years of corrosion data for nonferrous
metals from ASTM to the appropriate parameter.
The air pollutant data was obtained from the
Department of HEW and is representative of
five year averages. We also used six months
of air frame corrosion data...The most weight
in the rating is given to relative humidity...

Other parameters considered were general climate rating,

prevailing wind, water content of the air, number of days with

dense fog, the amount of precipitation, the number of thunder-

storms, and the number of cloudy days. Foggy, wet days were

considered harmful, but heavy thundorstorms in arid areas as

beneficial.

The 1971 CF equation, however, did not include pollutant

data, probably'because the information available at that time

was inadequate or unreliable.

The 1971 CF equation is

CF = [2(RH) + 2(PS) + DP + NC + HR + WV1 /6,

where the several factors are related to relative humidity,

proximity to the sea, dew point, no ceiling (sunshine), heavy

ruin, and wind velocity, respectively. Each factor is an in-

teger (1, 2, or 3) representing a range of values for the

relevant parameters; they do not represent the parameters

directly. These value ranges are detailed in Table 7.

Interim numerical classifications were derived from the

CF equation from nine years of climnate data (1961-1970) compiled
50

by USAF Environmental Technical Application Center (ETAC).

Numerical indices were pablished for 3D SAC airbases in 1972,

and for 95 USAF and 27 ANG airbases in 1973. A complete list

1was distributed in 1974 under the title "PACER LIME Interim

Corrosion Severity Classification." These values are reproduced

in Appendix A.
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I TABLE 6. ENVIRONMENTAL FACTORS CONSIDERED IN DEVELOPING

• iI A CORROSION SEVERITY INDEX ALGORITHM

Moisture

Relative humidity
Water content of air

Thunderstorms
Amount of precipitation
Fog

Airborne contaminants

Proximity to sea (salt)

SO , SO 2

Suspended p~rticulates (hygroscopic)

I Climate (other than moisture)

* Cloud cover
Wind direction, speed

* *Local geographical factors

Soil type
Topography (plains, mountains, swamp)
Nearest city, its size, direction

36
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TABLE 8
RANGE OF COMPUTED PACER LIME CORROSION SEVERITY INDEX

Scale CSI Classification Number in Atmospheric

3.75 Exposure Test
0 3.33

1 3.17 mild
2 3.00

2.86
2.85

3 2.83 3
4 2.67 

F2
5 2.50 moderate 3
6 2.33

7 2.17
2.01

8 2.00 2.00
9 1.83 severe 2

10 1.67

1.00

I
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The CF values were calculated to two decimal places.

Since the independent -parameters in the equation are integers,

lvwt.v,.r, t he cF oquation is in fact an integral scale of seven-

t7en steps. The computed list for actual airbase environments

includes only eleven steps. Thus the CSI scale could be repre-

sented by a zero to ten scale (CF Table 8), but was :ompressed
S~to a three-step scale:

CF 1.00 to 2.00* Severe

2.01 to 2.85 Moderate
2.86 to 3.75* Mild.

The CF equation ranks the following factors as harmful:

(a) Relative humidity above 70%;

(b) location within five miles of the sea, without

reference to wind direction;

(c) temperature within 4°F of dew point for three or

more consecutive hours and more than ten days per

month;

(d) five days or fewer per month with six or more hours

of no ceiling (sunshine), without rererence to

temperature;

(e) five days or fewer per month with moderate or heavy

rain;

(f) wind velocity less than 1.5 mph.

The minimum and maximum values the CF equation can yield are

1.33 and 4.00, which correspond to the following climates:

1.33--High humidity, the temperature is frequently

close to the dew point, location near the sea,
winds nearly calm, generally cloudy and overcast,

but heavy rainfalls are infrequent, and

4.00--Arid, windy, skies clear, more than 80 miles
from the sea, but heavy rainfalls are frequent.

39
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Thus heavy rains are considered beneficial because of washing

effects, and high winds and sunny days are beneficial because
of their drying effects.

b. Comments on the CF Equation

The manner in which humidity, dew point, and rainfall data
are included in the CSI is contradictory, since, as discussed

earlier, all three contribute moisture and promote corrosion

in aircraft. All moisture sources should be considered harmful
to aircraft, particularly rainfall since it frequently finds

its way into areas where it should not be. Dew point and

relative humidity are related; temperatures at or near the dew
point result in condensation on aircraft surfaces, and moisture

will condense from humid air on cold aircraft surfaces.
Proximity to the sea considers distances up to 80 miles

as harmful, but significan airborne salt concentrations are

found only quite near the shore in normal weather, and the
concentration decreases rapidly with distance from the sea up

to about 15 km and is constant beyond that point. Heavy storms

can carry salt considerably farther inland, but these are
relatively infrequent, so that aircraft washing and corrosion

treatment schedules couid be changed temporarily following such
an event. Thus, emphasis on PS can be reduced, considering it

harmful only if aircraft are normally within 1 to 4 km of sea
water. At greater distances it may be neglected.

It is difficult to assess the value of sunshine as in the

use of a no ceiling, NC, factor. It is true that direct sunshine
accelerates moisture evaporation, but its efficacy also depends

strongly on temperature. Further, intense solar radiation is

highly damaging to protective finishes, so much that solar damage
vs the benefits of solar drying may be an unequal tradeoff.

The value of wind as a drying agent also must be weiqhed
against the harm it may cause by transporting pollutants to

aircraft. In the CF equation, wind is beneficial because of
its moisture removal effect. Only the aircraft exterior is

accessible to such wind effects, whose surfaces are protected

by paint. Moisture inside the aircraft, where it is most

a1 40
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4 damaging, would be affected little by wind.

Wind could have a damaging abrasive effect through the

action of airborne sand. Wind velocities are negligible, however,

compared with takeoff and landing speeds, the damaging effects

of which are visible on the leading surfaces and obviously are

a more serious corrosion threat than surface winds.

In summary, the CF equation centers almost entirely on

the atmospheric conditions which produce or remove moisture.

The only other corrosion-related factor is sea salt, included

indirectly via proximity to the sea. In addition to the con-

tradictory use of rainfall, moisture factors are over-emphasized

in some cases and, in others, included in a form that is not

related clearly to corrosion. As a moisture-plus-sea-salt

parameter, the CF equation was a reasonable first step toward

the development of a corrosion severity rating system. The next

steps would have included:

-- comparing the CF results with maintenance experience--

both field and depot--via AFM 66-1 data;

-- comparing the CF results with atmospheric test data

which, as noted, have not been available in usable

form until now;

-- modifying the equation to include the now-available

pollutant data.

c. Environmental Severity Algorithms for Aircraft Corrosion

We propose an alternative set of algorithms, based on

locally-measured environmental factors and which rely in part

on maintenance experience as contained in AFM 66-1 records.

A particular feature of this approach is that the authority
to set maintenance intervals is left in the hands of local

4 management. These decisions would be based on locally mea-

sured meteorologic and pollutant conditions and would be subject

to changes dictated by local experience. Effective use of the

decision-making tools could be monitored easily by MAJCOM and

AFLC analysis of MDCS data.
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i(i) Corrosion Maintenance in Aircraft

Excluding housekeeping, corrosion maintenance involves

(1) washing of exterior surfaces,

(2) repair or replacement of protective coatings and
sealants, and

(3) treatment and repair of corroded components.

Environmental elements which corrode metal are not necessarily

the same as those which deteriorate paint and sealants. Humidity,

SO2 , and certain other contaminants corrode bare metal, 2 1

whereas paint films deteriorate under the action of sunlight,
22, 26-28

!. photochemical oxidants, and a few other pollutants.

Soil deposits also are harmful to paint films, are related to

suspended particulates, and their damaging effects are accelerated

*i by contaminants such as SO2 . 5 1

Consequently, no single algorithm can classify an environ-
rment with respect to all three corrosion problems. Instead

three decision algorithms are required to determine intervals

for:

- aircraft washing

- complete repainting, and

- corrosion inspection/maintenance.

Each algorithm would assess the level of local contaminants and,
via a decision-map, lead to recommended intervals for each
maintenance cycle.

(2) Aircraft Washing

Aircraft are washed both to maintain appearance and to

remove soil deposits which may damage the paint. There are

several sources of soil: engine exhausts, fuels, and lubricants;

airborne particulates; and the workers' shoesoles during

maintenance and servicing operations. Soil deposits will
attract and retain moisture from humid air and gaseous pollutants,

particularly SO 2 . Thus, the damaging effects of soil are com-
pounded by high humidity and pollutant concentrations. It is

not likely that surface soils accelerate paint degradation by
sunlight or gaseous oxidants, but there is no evidence to support

this view. Thus, aircraft washing intervals selected to protect

42
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the paint and exposed metal should be related to particulates

(and proximity to the sea), SO 2 , (possibly) NO2 , and humidity.

It is likely that cosmetic purposes will be served by the same

intervals. USAF recommended washing intervals, for several

years, have been 45, 60, and 90 days, depending on local con-

ditions. At many airbases, where indoor washing facilities are

not available and winters are severe, even the 90 day wash in-

terval is impractical. Other airbases plan 30-day intervals.

Practical washing intervals, which are consistent both with en-

vironmental risk factors and rigorous climates, are 30, 60, and

120 days. We designate these as A, B, and C, respectively.

The Washing Algorithm (Figure 3) first determines if the

distance to the sea is less than the WECS distance. If it is,

washing interval A is recommended; if not, particulate con-

centrations are compared with WECS. If the ambient level ex-

ceeds the standard, then the ambient SO 2 concentration is

checked. If SO 2 is higher than WECS, interval A is recommended;

if lower, interval B.

If particulates are below the standard, SO 2 concentration

again is queried: If high, interval B is recommended; if low,

moisture factors are considered. High moisture values--either

RH or rainfall greater than WECS--lead to interval B recom-

mendation; low values yield interval C.

(3) Painting

Aircraft are painted primarily to protect metal surfaces,

although operational and cosmetic factors are significant.

Protective finish maintenance is effected at three levels:

(a) minor touchup; (b) major touchup; and (c) complete strip-

repaint. Minor and major touchup are effected at field or

intermediate level maintenance, whereas complete repaint is
S~52

authorized only at depot-level for large aircraft. Minor

touchup is accomplished to repair ablation and similar damage.

Major touchup is applied to fasteners, runway-damaged lower

surfaces, and solar-damaged upper surfaces. The need for

touchup painting must be determined at field-level inspections:

an environment-based algorithm should not be used. The following
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: to >4.5 km TSP >61 so2 >43 A

<4.5 km <61 <43!A

I~~ A 30dv

<43

orB
'a il >125

1251

1<125

A 30 dav,-
1B 60 days

C 120 days

Firgre 3. Aircraft ".Washinq Interval Algorithm. Work ino
Environmental Corrosion Standarcds I (see Table 5) Ar. Used.
Units For TSP, And SO2 Are ug/m3, For Al i/m3, And For R~infall,.t Annual Total cm.
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paint-interval aigorithm refers to complete strip/repaint

ma• nt.renance.

As before, three intervals, A, B, and C, are recomunended.

Paint systems currently in use--epoxy or polysulfide primers

and polyurethane finish coat--should provide a service life of
5310+ years in the mildest environments- Consequently, the A,

B, and C intervals may be equated to 36, 72, and 120 months,

respectively. These inteirvals may not correspond to the PDM

intervals for a particular aircraft system. For example, C-141A

"aircraft currently are on a 42 month cycle, and B-52's are on 48

months. Consequently, repaint schedules should be coordinated

with the PDM cycle established for each aircraft fleet/force by

the appropriate Maintenance Requirements Review Board. If 120

months is the maximum expected service life for the paint finish,

and the PDM inLerval is y months, then y should be compared with

the intervals reýcommended by the Repaint Al•jorithm, i.e., 36,

72, or 120 months. The interval closest, to the PDM interval

should be selected.

.nvironmental factors which deteriorate paint are, in

order of severity, solar radiation, oxidants, and sulfur dioxide

absorbed on soil deposits. Soil deposits themselves might be

included, but there is insufficient information to Irelate re-

paint schedules to the nature of the soils. Thus, only sur. -

light, oxidants, and SO2 are conride"ed. The repaint algorithm

(Figure, 4) compares the sola.r radiat on level, .,zone, and sulfur

dioxide concentrations with the WFCS lues. liiqg values for

all three result in the A interval recoi monda jion, whereas low

values for all three lead to the C interval. V,•ious combina-

tions of hiqgh valute-s lead to the 1 interval.

(4) Corrosion Prmmaqe

IThe Corrosion Damage algo" thin :CDA) i.s of a different

nature than those for wtshing. ani repc inting, which r rcorend

maintenance intervals approk-riatc to the environment. AlIthouqh

CDA might he used in this .ame ..ay, such use is unlikely.

Corrosion repairs routinely ire ef"ected simultaneously with

nbha7id and isochronal maine nance efforts, and it would be
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both undesirable and difficult to impact their scheduling.

Accordingly, the CDA is intended as a guide for anticipating

the extent of corrosion damage and for planning the personnel

complement and time required to effect their repairs. The

guidelines at this point are of a general nature. Eventually

they should be incorporated into the Reliability Centered Main-

tenance phase schedules for specific aircraft systems.

The Algorithm (Figure 5) considers first distance to salt

water (or slat flats), leading either to the very severe (AA)

rating or a consideration of moisture factors. After moisture

factors, pollutant concentrations are compared with WECS either

for SO 2 , TSP, or 03. High values for any one of the three

pollutants together with a high moisture factor leads to the

A rating, but if all are low, together with high moisture

factor, the severe (B) rating results. Low moisture factors

with a high pollutant value result in the moderate (B) rating,

whereas if all are low, rating (C) results.

(5) Use of Environmental Algorithms

The above algoiithms are readily compared with the ap-

propriate local environmental parameters to yield corrosion

'V maintenance ratings; the use of a computer obviously is not

necessary. The algorithms could be used in modified form

within the base-level computer system and, with appropriate

automatic data input, can provide monthly revisions for main-

tenance needs recommendations.

To complete this study, it was necessary to develop

ratings for a substantial number of airbases. Since the task

would be more .3asily performed by computer, the algorithms havE

been programmed for such use. The relevant programs together

with the necessary documentation, are included in Appendix 2.

(6) Environmental Applications

Environmental Severity Algorithms have been used to

establish preliminary ratings for most airbases of interest

to USAF. These ratinqs are listed in Appendix 3. These ratings

7 are based essentially on comparisons of the Working Environmental
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Corrosion Standards with local geographical and environmental
data. Slight modifications to the algorithms were necessary
in order to use the available data format, but the results are
Y iot i1n ifica n lIy isffected. The ratings published herein are
based on the most complete data available to us. No responsi-
bility is assumed for the accuracy of the data, particularly
with respect to its relevance to a specific airbase, since the
monitoring site may have been located at some distance from the
airbase in question. If more accurate and reliable data should
become available, they may be used to compute more appropriate

ratings.

These algorithms rate environments for maintenance purposes
under the assumption that aircraft are parked outdoors and are
exposed to all risk factors, Wherever these conditions are
different, appropriate consideration should be given. For ex-
ample, hangared aircraft are exposed to minimal solar damage.
and rainfall, consequently the ambient solar radiation level and
rainfall are not relevant.

(7) Environmental Data

The following environmental data were collected for
USAF, AFRES, and ANG airbases, from the sources indicated.

(1) Mean annual relative humidity, mean annual temperature,

mean annual rdinfall. Source: USAF Environmental

Technical Applications Center, "Worldwide Airfield
Climatic Data," Vols. I-VIII, 1970.54

(2) Mean solar radiation for July.
Source: Baldwin, j. L., "Climate.; of the United
States," U.S. Department of Coammerc~e, Washington, D.C.,

1973.55
I (3) Ambient concentrations of SO, particulates, NO2

and 03.
Source: U.S. Environmental Protection Agency, "tAir
Quaflty Data--1976 Annual Statistics," March 1978,

IEPA-450/2-78-009. 56
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(4) Distance to salt water or other salt source and

prevalent wind direction with respect to nearest

urban/industrial area.

Source: U.S. Department of Commerce," Sectional
ff 197957

Aeronautical Charts," Washington, D.C., 1979.

Additional discussion of some of these points is required.

Data were collected only for continental US airbases because

pollutant data were available only for them. The algorithms

could be used in abbreviated form with only weather and geo-

graphical data. In some cases this would lead to useful

results. For example, Anderson AFB, Guam would receive A,

(probably) B, and AA ratings for washing, repaint, and corrosion

j severity, respectively, based only on these parameters. Ratings

for less unique environments, however, would be ambiguous, and

we chose not to compute them.

Weather data reported by ETAC are variable-year averages

of hourly measurements and were obtained by weather stations
located at the specific airbase in question. These stations

did not report solar radiation measurements, hence the source

listed in item (3) was used. These latter data are mean values

for wide geographical regions and were computed from US Weather

Bureau measurements. Values for July are used because these

are near the maximum for the northern hiemisphere. July values

would be inappropriate elsewhere. Mean annual RH and temperatuie

were used to compute mean annuil absolute humidity.

Sulfur dioxide and particulate concentrations were available

in the cited EPA documents as mean annual values and thus are

directly compared with WECS. In the case of the NO2 and 03f

however, available data frequently provided only first and second
hourly maxima, which cannot be compared with the WECS annual mean

values. Accordingly, we have substituted for these pollutants

a secondary WECS equal to the 50-th percentile of Graedel and

Schwartz 2 9 plus 0.8 of the difference between their 99-th and

50-th percentiles. Thc modified algorithm compares this

secondary WECS with the reported hourly maximum.

50
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Unlike the ETAC data, EPA's pollutant data were not mea-

sured at the airbase in question. We have selected data from

tne nearest EPA monitoring station and upwind of the airbase

wherever possible. In the data listings (Appendix 3), latitude

and longitude of both the relevant monitoring station and the

airbase are included, together with the wind direction from the

airbase.

d. Comparison of Algorithm Results with Corrosion Miaintenance
Experience

In-service testing usually involves a single component or

test coupon and is conducted to evaluate:(a) the corrodibility

of candidate alloys, (b) environmental corrosiveness or (c) theJ

effectiveness of maintenance. It is possible to derive similar

information from the operational corrosion experience of com-

plete systems, provided sufficiently detailed records of cor-

rosion maintenance and repair are collected. Over the years,

the U.S. Air Force has developed an extensive Maintenance Data
53

Collection System (MDCS) which routinely documents virtually
every facet of maintenance on its aerospace systems. The re-

sultant data files are a rich source of information for failure

analysis, particularly with respect to corrosion. The main-

tenance and operational histories of the USAF C-141A Force

have been analyzed. 6 ' 3 0 The major thrust was a determination

of relative environmental corrosiveness.

As of January 1976, 271 of these aircraft in the Military

Aircraft Command were stationed at Altus OK, Charleston, SC,

McChord, WA, McGuire, NJ, Norton, CA, and Travis, CA. Formerly,

some were stationed at Dover, DE and Robins, GA. Occasionally

individual aircraft are transferred from one airbase to another,

but frequent or large reassignments are rare. Within the time

* " period of study, transfer of significant numbers of units oc-

curred twice as a result of reorganizations. Individual unit

transfers are effected in order to spread the wear and tear of

training-base missions over the entire force. Despite these

transfers, approximately 250 units were stationed at not more

than two airbases, and more than 100 at a single airbase during

the same time period under study. The number of aircraft at

*| 51
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any particular airbase ranges from fewer than twenty to as many

as sixty.

With the exception of a training squadron, the bulk of the

C-141A Force is oriented to airlift missions. Such missions

1iccount for about 80% of flying hours, while training and

miscellaneous missions account for 9% and 11%, respectively.

A comparison of cumulative flying hours with age shows that

these aircraft spend at least 80% of their time on the ground,

most of that at the home station airbase. Accordingly, en-

vironmental factors at the home station will dominate the cor-

rosion experience of these aircraft.

(1) Euvironmental Factors a, C-141A Airbases

Environmental factors for the six current C-141A airbases

from Appendix 4 are compared with the WECS values in Table 9.

From this comparison and the use of the Corrosion Damage Al-

gorithm, the relative corrosion severity of these airbases would
be ranked as:

Travis, Charleston > McChord > Norton, Altus > McGuire

where Travis is the most severe and McGuire is the mildest. Those

separated by commas are relatively close in their ratings. A

combined average severity, using the results from all three al-

gorithms yields the rankings

Travis, Charleston, Norton > McChord > Altus > McGuire

The increased severity of Norton results from the Los Angeles

based smog factors.

(2) The USAF Maintenance Data Collection System

Thoroughly detailed records are kept by the Air Force for

a wide variety of maintenance actions. Generally, actions which

correct failures or defects and those which modify aircraft are

documented. Routine servicing, e. g., washing, cleaning, touchup

painting, is not. The data used in this study were extracted from

the permanent maintenance records maintained on magnetic tape

by the AF Logistics Command. Procedures and rules for data
collection are detailed in the relevant AF manuals. 5 8

An aircraft maintenance action begins with a discrepancy
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*1

report (or a modification technical order), the majority of

which are generated at a regularly-scheduled inspection. These

ir,.; 1,ctions occur at isochronal intervals varying from 15 days

to 36 months. They also vary in the depth of inspection, the

most thorough being the Programmed Depot Maintenance and the

Mid-Interval inspection.

A discrepancy report and subsequent maintenance events are

recorded on AFTO form 349 (Figures 6, 7). Periodically these

are key-punched and entered into the airbase computer system.

Portions of this data are forwarded to AFLC where they are

analyzed and deposited into the permanent record files. Certain

categories of maintenance data, essentially those which can be

considered as "overhead" costs and not failure-related, are not

entered into the permanent files. Information entered on the

AFTO 349 form which reaches the permanent files and is relevant

are discussed as follows.

(1) The Work Unit Code identifies the system, subsystem,

and component on which maintenance is effected. Certain work

unit codes identify tasks of a general "overhead" nature and

are used to record labor costs only and have only base-level

significance.

(2) Action Taken Code indicates the specific kind of

maintenance action effected, e.g., removal and replacement.

(3) How-malfunctioned Code identifies the nature of the

defect rather than the cause of the discrepancy. Thus main-

tenance personnel are required to perform a certain amount of

diagnosis.

In general, these records provide the journalists' "what,
where, when, why, and how" answers with respect to maintenance

actions on aircraft. Of particular interest is the opportunity

to perform cost-analyses based on the manhours expended for

various tasks at a given airbase and to make comparisons from

one airbase to another. These comparisons in turn can be coupled

with the relevant environmental factors to determine the rela-

tive corrosivity of a given airbase.
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TABLE 10. DISTRIBUTION OF C-141A FORCE-WIDE CORROSION ktAINTENANCE
MANHOURS AMONG ACTION TAKEN CODES. 3 2

Action Taken 4Q70-4Q74% 1Q75-4Q76%

Repairs and/or Replace- 45.2 41.4
ment of minor parts, etc.

Corrosion (Repair) 11.0 14.3

Clean 8.9 12.8

Repair 8.5 3.8

Remove and Replace 17.7 18.1

Removed 5.7 5.4

I

I



TABLE 11. DISTRIBUTION OF C-141A FORCE-WIDP' CORROSTON•. 32
MAINTENANCE MANHOURS AMONG HOW-MALFUNCTION CODES.

Hlow Malfunction 4Q70-4Q74% lQ75-4Q76%

Corrosion* 37.4 42.2

Cracked 34.1 36.3

Coating, sealant 17.9 7.7
failure

Other related codes 8.7 10.9

*Includes corroded, deteriorated, and delaminated.
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Data base. The permanent maintenance records of C-14 A

aircraft were |;r'o\, ded on magnetic tape and spanned two time

periods: fourth calendar quarter 1970 through fourth quarter

1974; and first quarter i975 through fourth quarter 1976. These

records included both organizational (field) level and depot-

level maintenance. The two data sets were analyzed separately

using the second to check predictions made from the first.

Two smaller files of corrosion-related data were created

from these data files by selecting records containing one of

several corrosion how-malfunctioned codes or action-take codes.

The resulting corrosion data base, in two-parts, consisted of

(a) 4Q70-4Q74, 234, 046 records, 890, 502 manhours, and

(b) lQ75-4Q76, 90. 933 records, 273, 555 manhours

As discussed earlier, aircraft corrosion maintenance may

be divided into three distinctly different categories: (a)

washing and cleaning as preventive maintenance; (b) maintenance

of protective coatings and repainting; (c) repair of corrosion

damage. The permanent files of the USAF MDCS should not contain

any records relating to the first two categories because cor-

rosion prevention, in effect, is not documented. The distribution

of the data base among major corrosion how-malfunction codes is

shown in Table 10, and among action taken codes in Table 11.

In addition to the maintenance data files, operational

histories of each aircraft were provided. These histories

detailed chronologically airb;.se assignments and flight infor-

mation over the same time periods.

(3) Rult

One would expect the maintenance manhourZ to be distributed

.a411on0 the several airbases more or less in proportion to the

.. umber of aircraft assigned to each base. Airbase assignments

Sor each aircraft, which were included in the operational his-

torics, were available on a calendar quarter basis. Reassign-

ments did not occur exactly at the end of any given quarter, of

Course, but the calendar quarter possessions for each airbase

Wert used for comparative purposes. Thus the percent of air-

icraft possession quarters for a given airbase represents Zhiat
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airbase's share of maintenance xresponsibility for the C-141A

torce, all other factors being equal. if its actoal share of

tlI(e ifaifltofilflce offort is laryer or smalle: than) its responsi-

hihity, then one would look for other factors, e.,environ-

im-ntal, which would cause the discrepancy.

Possession quarters and corrosion manhours are listed in

Table 12 as percents of the totals for the two time periods

considered. Irn three cases, e.g., Altus, McGuire and MoChord,

the actual figures are quite close to the responsibility values.

in the other three, Travis, Charleston, and Norton, there are

considerable differences. Thus there is cleaz indication of

base-to-base variations in the amount of corrosion maintenance

effort expended per aircraft. Aifbase comnparisons using the

data format of Table 10 are not useful, however, because of

distortions intorduced when one or two Firbases contribute an
... .. abnormally high oi low input to the data files. This occu,' red

in the second time period where large amounts of data turned

out to be missing for Norton AFB. The result is to Znflate

the apparent share of the data base for every other airbase.

The rate of field corrosion maintenance, i.e., the slope

o.ý manhours. vs. time Figure 8, was found to be essentially

linear. Moreover, the rate was constant for all aircraft

assigend to a given airbase, but varied from one airbase to

another. Average repair rates for all aircraft assigned to a

givfen airbase were Computed and are shokxn in Table 13 where the

41izta ar e d as manihours per arcraft per calendaý- qkiavter.

Reai rates ap-d their tzends of slight chan~ge were, used to
~omout ureited ceoa- rutezs for the second tim~e period.

Thc-ne prtedicted values arc also listed in Table 1. Actual

Values ind pnre--icted values a-c in quite good agreement, with i-he

oxception oE Nocrton AF9, for which, as has been noted, large

-aps wre found in thte data files.

A statistical con-,ariscui was nma,'L of maint-onance offorts

* .~"n those individualarrf which were stationed conti-nuousiy

a t a given aittbase, the results of w~hich are shown in Figures

9 avid 10. These iursshow corrosion manhours ~e-quarterj
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TAIBILE 12. C-141A AIRBAS. POSSESSION QUARTERS COMPARED WITH
FIELD LEVEL CORROSION MAINTENANCE MANHOURS.32

4Q70-4Q74* IQ75-4Q76
Possession Corrosion Possession Corrosion

Airbase Quarters, % Manhours, % Quarters, % Manhours, %

1. Altus 6.7 6.5 6.4 5.2

2. Charleston 16.9 18.5 21.8 30.4

3. McChord 14.6 14.4 13.9 12.5

4. McGuire 21.2 18.1 20.7 20.0

5. Norton 19.1 15.5 22.2 8.4

6. Travis 16.4 21.8 15.0 23.6

*Total is less than 100% because Dover AFB data is not listed.

I"6
I

;.-C-



TABLE 13. C-141A CORROSION MAINTENANCE EFFORT BY AIRBASE. 3 2

Manhours per Aircraft per Quarter

4Q1970-4Q1974 1QI975-4QI976*

1. Altus, OK 98.8 63.7 (84.3)

2. Charleston, SC 113.2 110.0 (105.6)

3. McChord, WA 101.2 70.8 (52.8)

4. McGuire, NJ 87.7 76.1 (79.5)

5. Norton, CA 84.4 29.7** (58.8)

6. Travis, CA 133.0 124.0 (101.4)

*Values in parentheses were projected from those of first time
period.

**Data files were incomplete.

I
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for individual aircraft vs. the percent of total population.

Variations from one airbase to another are clearly apparent,

with Travis aircraft showing the highest and Norton the lowest

maintenance efforts. (Altus AFB is not included because only

one aircraft was stationed there continuously during either

time period.) Indeed, the one aircraft at Travis which received

the fewest maintenance manhours, received more than that at

Norton receiving the largest in the first time period (for

which Norton data were complete). In other words, the most

poorly-maintained Travis airplane received more corrosion re-

pair maintenance than the best-maintained Norton unit. More-

over, the average Travis aircraft received, in 1970-74, approxi-

mately 150 manhours per quarter--more than any airplane received

at McGuire, McChord, and Norton, and more than 90% of the air-

planes at Charleston: The results for 1975-76 are essentially

the same.

Field maintenance effort also was compared for selected

areas of the aircraft (according to work unit codes). Shown in

Table 14 are the average corrosion manhours per aircraft per

quarter spent on forward and center fuselage, center wing-box

beam, and wings. These regions were selected for illustration

here so that mission-related damage is separated. For example.

training-oriented missions at Altus AFB are especially severe on

components related to take off and landing such as landing gear

and wing flaps. The same general patterns of maintenance effort

are observed.

In summary, field maintenance data consistently rank these

six airbases as

Travis, Charleston > McChord, McGuire > Altus > Norton,

from highest to lowest. Some minor shuffling is observed between

McGuire and McChord, and Norton, Altus, and McGuire is rated

*The value of Figures 9 and 10 diffei- slightly from those of
Table 13 because the latter includes :11 aircraft stationed at
a given airbase, whereas the fiqures include only those con-
tinuously stationed (i.e., not transferred) during the re-
spective time periods. MlainLtnance rates are distorted slightly
at transfer.
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TABLE 14. C-141A CORROSION MAINTENANCE EFFORT* ON SELECTED
AIRCRAFT SECTIONS BY AIRBASE. 3 2

Forward and Wing and Totals
Center Fuselage Wing Box Beam

4Q70- 1Q75- 4Q70- 4Q74- 4Q70- 4Q75-
4Q74 4Q76 4Q74 4Q76 4Q74 4Q76

1. Altus, OK 7.6 5.0 6.7 10.6 14.3 15.6

2. Charleston, SC 20.1 23.5 14.0 19.6 34.1 43.1

3. McChord, WA 17.3 7.3 11.1 19.2 28.4 26.5
4. McGuire, NJ 13.0 7.1 7.5 10.4 20.5 17.5

5. Norton, CA 12.9 ** 6.4 ** 19.3 **

6. Travis, CA 19.8 17.6 15.0 22.1 34.8 39.7

*Manhours per aircraft per quarter.

**Datafiles incomplete.

:i
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lower by the algorithms than by maintenance. The listing based

on environmental parameters as discussed earlier. The maintenance

(lidatt could be uised in a quantitatLve comparison, but the en-

virorimontal rai inqs are not directly suitable for such treatment.

(4) Conclusions

The results show clearly that detailed corrosion main-

tenance records of complex systems correlated well with environ-

mental severity indexes derived from the CSI Algorithm based

on the known corrosive factors. Indeed it appears that a

numerical corrosion severity index can be formulated from such

data. Such an index would be at least as precise as any de-

veloped from atmospheric testing of alloys. Moreover, it should

be possible to focus attention on specific alloys in the system

rather than applying to a variety of alloys as we have done

so far.

There are a few problems relating to the USAF Maintenance

Data Collection System, however, which make further progress

difficult at this time. These problems mainly are the loss of

certain kinds of data which, in most cases, is inherent to the

system itself. Another problem is the variability of data re-

porting practices from one repair facility to another. These

problems are the subject of continuing study at Michigan State

University.

e. Comparison With PACER LIME Experimental Results

The experimental phase of PACER LIME was expected to pro-

vide test data for "calibrating" the Corrosion Factor equation.

Alloys representative of airframe construction were fastened to

outdoor test racks at several airbases spanning the range of

mildest to mo!t severe environments. These alloy panels were

removed and weighcd at six month intervals. The data from

these tests have been analyzed and the results are reported in

Part Ii of this re!ort.

The experimental results are not as useful as one might

have hoped..
(1) Some of the alloys tested were not suitable for the

program. Specifically, the aluminum alloys (2024-T3 alclad,
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7075-T6, and 7079-T6 alclad) are relatively resistant to general

corrosion and weight losses over the time period tested were

quite small, thus subject to large experimental error. The

titanium alloy (Ti-6A1-4V) was essentially corrosion resistant

and thus provided no useful data.

(2) The environments for which data were available are

fairly comparable; no data were obtained from the most severe

environments.

(3) Methods for cleaning panels prior to weighing (mech-

anical scrubbing) are not reproducibly effective in removing

corrosion products, thus results are widely variabie from one

technician to another.

(4) Although this was a large and complex program, a

disproportionate share of misfortune plagued it.

When all these factors are considered, it is difficult to give

serious weight to the apparent relative corrosivity of each

testing site as reflected in these test data. Nevertheless,

these results show the sites tested to be ranked as

Andrews, Wright-Patterson, Barksdale > Robins > F.E. Warren,

from worst to mildest, for those sites which yielded any data.

rhese experimental corrosion severity rankings should be

most comparable with the rankings obtained from the Corrosion

Damage Algorithm. Using that algorithm, the same airbases

are ranked as

Andrews, Wright-Patterson, Robins, > Barksdale > F.E. Warren

The rankings based on the experimental test program and

those based on the Corrosion Damage Algorithm are seen to be

in excellent aqrvement, except for the reversal of Barksdale and

Robins. While we find this agreement comforting, at the same

time we are aware of the severe confidence limitations that

must be placed on the experimental results. It is our view

that the experimental test results should not be interpreted

as strongly supportive of the algorithm rankings, but, nevertheless,

do not uresent contradictory evizence which must be "xplained

away." Therefore, the experimental and algorithm are considered

to be in good agreement.
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* - 6. Conclusion

The concept of an Environmental Corrosion Severity Classi-

fication was proposed by USAF AFLC personnel at Warner-Robins

i AMA in 1971. This classification was to be used for anticipating
corrosion damage to aircraft and scheduling appropriate repairs.

The USAF Interim classification method has been extended to theI"

algorithm format described in this report. Using these algorithms,

airbase classifications have been obtained which are in excellent

agreement with USAF maintenance experience, as contained within

the AFM 66-1 maintenance records, and in good agreement with an

experimental testing program conducted by USAF. As research on

aircraft corrosion problems continues, modifications to these

algorithms can be expected. At this time, they are considered

to be the best tools available for relating environmental

risk to aircraft maintenance, and, accordingly are recommended to

USAF as working tools for corrosion management.
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APPENDIX A

PACER LINE Interim
Corrosion~ Severity Classification
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PACER LIME INTERIM CORROSION SEVERITY CLASSIFICATION

1= AL ANG BIRMINGHAM MUNI APRT AL 2,50 MOD

2= ALBROOK AFB BALBOA CANAL ZONE 1.67 SEV

3= ALTUS AFB OK 2.83 OD

4= ANDERSEN AFB GUAM 2.17 NOD

5= ANP0 EWS AFB WASHINGTON DC 2.50 MOD

6= AR ANG FORT SMITH MUNI APRI AR 2.33 MOD

7= BARKSDALE AFB LA 2.83 MOD

8= BEALE AFB CA 2,83 NOD

9= BERGSTROM AFB AUSTIN TX 2.50 MOD

10= BLYTHEVILLE AFB AR 2.50 MOD

11= BUCKLEY AN&B DENVER CO 3.00 nIL

12= CA ANG FRESNO CA 2.67 MIL

13= CA ANG OAKLAND CA 1,67 SEV

14= CA ANG VAN NUYS CA 2.33 MOD

15= CANNON AFB CLOVIS NK 3.17 MIL

16= CARSWELL AFD TX 3.00 NIL

17: CASTLE AFB CA 2.83 MOD

18: CHARLESTON AFB SC 2,50 MOD

19= COLUMBUS AFB MS 2,50 MOD

20= CRAIG AFB SELMA AL 2.67 MOD

21= CT ANG BRADLEY FLD WINSOR LOCK; CT 2.50 HOD

22= DAVIS MONTHAN AFB AZ 3,33 MIL

23= DE ANG GREATER WILMINGTON APRT NEW CASTLE DE 2.17 MED

24= DOBBINS AFB GA 2.Jo MOD
25= DOVER AFB DE 1,83 9EV

26= DULUTH INTL APRT M 2.67 MOD

27= DYESS AFB TX 3.17 NIL

28= EDWARDS AFB CA 3,33 NIL

29= EGLIN AFB VALPARAISO FL 1.83 SEV
J 30= EIELSON AFB AK 2.67 MOD

31= ELLSWORTH AFB SD 2.67 MOD

32= ELMENDORF AFB ANCHORAGE AK 1.83 SEV
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33: ENGLAND AFB ALEXANDRIA LA 2.50 MOD

34= FAIRCHILD AFB WA 2,67 NOD

35: FL ANG JACKSONVILLE FL 2.17 MOD

36z FORBES AFB TOPEKA KS 2.67 MOD

37= FRANCIS E WARREN AFB WY 3.00 NIL

38= GA ANG TRAVIS FLD SAVANNAH GA 2.17 SEV$

397 GEORGE AFB VICTORVILLE CA 3,33 NIL

40= GOODFELLOW AFB SAN ANGELO TX 2.83 NOD

41= GRAND FORKS AFB ND 2.50 MOD

42= GRIFFISS AFE NY 1`•0 NOD

43: GRISSOM AFD IN 2-33 NOD

44= HAMILTON AFB SAN RAFAEL CA 1.67 SEV

45= HANSCOM AFB BEGFORD MA 2.00 SEV

46= HICKAM AFB HI 2.50 MOD

47= HILL AFB OGDEN UT 3.33 NIL

48= HOLLOMAN AFB ALAMOGORDA NR 3.33 NIL

49= HOMESTEAD AFB FLA 2.00 SEV

50: HOWARD AFB CANAL ZONE 1.83 SEV

51= IA ANG DES MOINES IA 2.33 NOD

52= IA ANG SIOUX CITY MUNI APRT SERGEANTS BLUFF IA 2,33 NOD

53= ID ANG BOISE ID 2.83 NOD

54= IL ANG CAPITAL MUNI APRT SPRINGFIELD IL 2.50 NOD

55: IL ANG GREATER PEORIA APRT IL 2.50 MOD

56= IL ANG OHARE INTL APRT CHICAGO It 2.3u MOD

57: IN ANG BAER FLD FT WAYNE IN 2.17 NOD

58r IN ANG HULMAN FLD TERRE HAUTE IN 2.50 MOD

59= K I SAWYER AFB MI 2.33 NOD

60= KEESLER AFD BILOXI MS 1.83 SEV

61= KELL FLD WICHITA FALLS TX 3.00 NIL

62=1= KELLY AFD SAN ANTONIO TX 2.83 NOD

63:: INCHELOE AFB NI 2.17 NOD

64= KINGSLEY FLD KLAhATH FALLS OR 2.83 MOD

65= KIRTLAND AFP ALRUOUEP.UE NX 3.33 NIL

66= KY ANG LOUISVILLE KY 2,33 MOD

67= LA ANG NEW ORLEANS HAS LA 1.83 MOD

68= LANGLEY AFD HhhPTON VA 1.83 SEV
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69: LAREDO AFB TX 2.67 MOD

70- 1AUGHLIN AFB DEL RIO TX 3.00 1IL

1.- lItI E ROCK AFb ,JACKSONVIt LE AR 2.83 HOD

72: LOCKBOURNE AFB OH 2.67 HOD

73= LORING AF8 HE 2.50 HOD

74: LOS ANGELES INTL APRT CA 2.00 SEV

75= LUKE AFB PHOENIX AZ 3,33 MIL

76: MA ANG BARNES MUNI APRT WESTFIELD HA 2,50 MOD

77= MACDILL AFB TAMPA FL 1.83 SEV

78= MARCH AFB CA 2.50 MOD

S79: MATHER AFB CA 2.83 MOD

80: MAXWELL AFB MONTGOMERY AL 2.50 MOD

81= MCCHORD AFB TACOMA WA 2.00 SEV

82= OrU'-LLAN AFB SACRAMENTO CA 2.50 MOD

83: MCCOMNELL AFB KS 3.00 MIL

84= MCCOY AFB FL 2.17 MOD

95: MCGUIRE AFB WRIGr;TSTOWN NJ 2.33 MOD

86= MD ANG BALTIMORE MD 2.17 MOD

87: ME ANG BANGOR INTL APRT HE 1.83 SEV

89= MI ANG BATTLE CREEK MI 2.17 MOD

89: MI ANG SELFRIDGE ANG BASE MI 2,17 HOD

90: MINOT AFB ND 3.17 NIL

91- MN ANG MINN-ST PAUL INTL APRT M 2.67 MOD

92: MO ANG ROSECRANS MEMORIAL APRT NO 2.67 MOD

93: MOODY AFB VALDOSTA GA 2,50 MOD

94: MOUNTAIN HOME AFB ID 2.83 MOD

95: HS ANG JACKSON MUNI APRT NS 2.33 MOD

96= MS ANG KEY FLD MERIDIAN MS 2.50 MOD

97= MT ANG GREAT FALLS INTL APRT MT 3.17 MIL

98: MYRTLE BEACH AFB SC 1.83 SEV

99= NC ANG DOUGLAS MUNI APRT CHARLOTTE NC 2.83 MOD

100z NiP ANG STATE UNIVERSITY STN FARGO ND 2.67 MOD

101: NE ANG BASE LINCOLN NE 2.33 MOD

102= NELLIS AF9 LAS VEGAS NV 3.33 NIL

103: NJ ANG ATLANTIC CITY NJ 1.83 SEV

104: NORTON SAN BERNADINO CA 2.50 HOD
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105: NV ANG RENO MUNI APRI NV 2.17 MOD

106= NY ANG HANCOCK FLD SYRACUSE NY 2.33 HOD

107= NY ANG NIAGARA FALLS INTL AFPRT NY 2.17 MOD

108= NY ANG SCHENECTADY CO APRT NY 2.33 MOD

109= NY ANG SUFFOLK CO ANG BASE NY 2.17 MOD

110= NY ANG WESTCHESTER CO APRT NY 2.00 SEV

111= OFFUTT AFB NE 3.00 MIL

112= OH ANG MANSFIELD LAHM APRT OH 2.17 MOD

113= OH ANG TOLEDO EXPRESS APRT SWANTON OH 2.33 MOD

114= OK ANG TULSA OK 2.83 MOD

115= OR ANG PORTLAND INTL APR7 OR 2.00 SEV

116: OTIS AFB FALMOUTH MA 1.83 SEV

117= PA ANG GREATER PITTSBURGH APRT PA 2.17 NOD

118= PA ANG MIDDLETOWN PA 2.83 NOD

119= PA ANG WILLOW GROVE NAS PA 2.50 MOD

120= PATRICK AEB COCOA BEACH FL 2.00 SEV

121= PEASE AFB NH 2.00 SEV

122= PETERSON FLD COLORADO SPRINGS CO 3.17 NIL

123= PLATTSBURGH AFB NY 2.67 MOD

124= POPE AFB FAYETTEVILLE NC 2.83 NOD

125= RANDOLPH AFB SAN ANTONIO TX 2.83 NOD

126= REESE AFB LUBBOCK TX 3.33 MIL

127= RI ANG THEODORE GREEN APRT WARWICK RI 1.83 SEY

128= RICHARDS GEBAUR AFB GRANDVIEW NO 2.83 MOD

129= ROBINS AFB GA 2.83 NOD

130= SC ANG MCENTIRE ANG BASE EASTOVER SC 2.50 ND

131: SCOTT AFP BELLEVILLE IL 2.50 NOD

132= SD ANG JOE FOSS FLD SIOUX FA.LS SD 2.67 MOD

1 133= SEYMOUR JOHNSON AFB NC 2.33 MOD
134= SHAW AFB SU?.TER SC 2.83 MOD

135= SHEMYA AFB AK 1.67 SEV

136= TINKER AFB OKLAHOMA CITY OK 2.83 MOD

137= IN ANG MCGHEE TYSON APRT KNOXVILLE IN 2.50 HOD

138= IN ANG MEMPHIS NUNI APRT IN 2.83 MOD

139= TN ANG NASHVILLE APRT STN TN 2.50 MOD

140= TRAVIS AFB CA 2.50 MOD

80



141= TX ANG HOUSTON TX 2.17 MODl

142? TYNDALL AFB PANAMA CITY FL 1.83 SEV

143= VA ANG BYRD FLl1 SANDSTON VA 2.17 MOD

144= VANCE AFB ENID 0K 2o.83 OD

145= VANDFNBERG AFB CA 1.67 SEV

146= VT ANG BURLINGTON INTL APRT VT 2.33 NOD

147= NA ANG SPOKANE INTL APRT WA 2.67 MOD

148= WEBB AFB BIG SPRING TX 3.00 MIL
149= WESTOVER AFB MA 2.50 MOD

150= WHITEMAN AFB NO 2.83 NOD

151= WI ANG GEN KITCHELL ANG A MILWAUKFE WI 2.33 MOD

152= WI ANG MADISON WI 2.33 NOD

153= WI ANG VOLK FLD ANG BASE CAMP DOUGLAS WI 2.33 MOD

154= WILLIANS AFB CHANDLER AZ 3.33 NIL

155= WRIGHT PATTERSON AFB OH 2,67 NOD

156= WURTIMITH AB MI 2.17 NOD

157= WV ANG KANAWHA CO APRT CHARLESTON NV 2.17 NOD

158= WV ANG MARTINSBURG HUNI ART WU 17 NOD

8.
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APPENDIX B

Programs developed to calculate

Washing and Repaint intervals
and Expected Corrosion Damage

severity using the Working

Environmental Corrosion Standards

I
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I I*OGRAM WASHERU(INFUTtOUTPUTPARAhS, 100
2 TAPEI:-INF'UTtIAP2:OUTPUTTAfl3=PARAfS) 110

120
, C _ .. . . .. . . . . . . .. .. . .. . . . . . . . . .C 130

C 140
C WA'uIR - [ROGRAM TO DETERMINE AIRCRAFT WASHING INTERVAL 150

/ C BA'iEF ON ENVIRONM1ENTAL DATA. 160
"C 170

Y C WRIITEN BY MATT RIZAI AND DAVID .. BURSIK 180
10 C MICHIGAN STATE UNIVERSITY 190
11 C 04-FEB-80 200
12 C 210
13 C THIS PROGRAM USES THRESHOLDS READ FROM A PARAMETER FILE 220
14 C TO TRAVERSE A DECISION TREE FOR EACH BASE INCLUDED IN 230
I, C THE INPUT DATA3ET, PRODUCING A PRINTOUT OF THE INPUT DATA 240

. AN, THE RESULTANT WASHING INTERVAL. 250

"THk DATA TO BE EXAMINED FOR EACH BASE CURRENTLY CONSISTS OF: 270
2%0

C PARAM VARIABLES 290
21 C- --------- 300
2) C TSP TSPTSPT (T-SUFFIX INDICATES THRESHOLD VALUE) 310
23 C S02 SO2,SO2T 320
24 C RH RHRHT 330
25 C AH AHAHT 340
26 C RAIN RAINRAINT 350
27 C DIST D2C,D2CT 360
28 C TO SEA 370
29 C 380
30 c ------------------------------------------------------------------ c 390

SC 400
32 C rILE DESCRIPTiONS: 410
33 C 420
34 C INPUT (lAPEl) 430
35 C CONTAINS itATA FOR EACH BASE IN THE FREE-FIELD 440
36 C FORMAT DEFINED BY THE READIN SUBROUTINE. 450
37 C 460
38 C 470
39 C OUTPUT (TAPE2) 480
40 C CONTAINS ECHO OF THE INPUT DATA ALONG WIlTH THE RESULT OF 490
41 C THE ALGORITHM FOR EACH BASE IN TABULAR FORM, ALONG WITH 500
42 C APPROPRIATE LABELS, 510
43 C 520
44 C PARAMS (TALE3) 530
45 C CONTAINS THRESHOLD VALUES FOR THE DATA UNDER CONSIDERATION 540
46 C IN THE FOLLOWING FREE-FIELD FORMAT: 550
47 C 560
48 C TS',SO•,PFCOX,NO.2sHHV,*AIN,.2C,[gEPTTEKf Jo
49 C 580
50 C NOTE. NOT ALL FIELDS NEED T0 KE SUPPLIED- THOSE HOT 590
51 C USED CAN KE INDICATED BY ADJACENT COWMS. 600
52 C 610
"53 C -----------------.------------------------------------------------- C 620

C 630
55 C UPDATE HISTORY 640
56 C 650
5? C 04-FED-80 KR/DJB 660
58 C INITIAL RELEASE. 670r9 C 6s0
60 C 26-FE8-80 Kk/DJB 690
61 C CHAMNE INPUT FORMAT TO INCLUDE ALL DATA WREIHER USED 700
62 C BY THIS ALGORITHM OR NOT. ALSO CHANGE OUTPUI FROM 710
63 C TADULAR FORM TO LAPELED ENTRIES FOR EACH BASE WITH 720
64 C RESL4.T OF DECISION EXPRESSED BY 'A', 'B't OR 'C' 730
65 C INSTEAD OF AN EXPLICIT INTERVAL IN DAYS. 740
66 C 750
6? C 31-3AR-0 A4R/DJB 760
68 C REMOVE EXPLICIT KEADSI/RITES FROM PROGRAM AND TRANSFER TO 770
69 C COMMON DATA-ASE-ACCESS SUROUTIES. ALSO REWRITE DECISION 780
70 C CODE TO USE LOGICAL CONDITIONS AND EXCEPTION-TESTING RATHER 790
71 C THAN LITERALLY TRAVERSING D'ECISION TREE (FO REAWBILITY). 800
"72 C 810S73 C I2-AFR-80 D.,B 820
74 C MODIFY ALGOIlTM FOR ABSOLUTE HUMIDITY INSTEAD OF RELATIVE 830
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75 C HUMIDITY. 840
76 c 850

77c 18.Apk-80 ['JD 86
78 c Alill CODE FOR REPAIN! AND' COfWRSION SEVERITY ALGORITHMS 870I9 I EXISING PROGRAM SESO TRS!D A0S.~ j
89 C 9

81 1 bMY80M/ 000

93 10920
84 REA ------------------------------ ~t2CEUPTTE$ 10--- -- --- -- -------- 30

96 c 2;~ W1()THT2 1----------------------- ------- ----- 0 50
87 REA 9HAT2,BU~160

91 10700

192 IMPLICITITEERII (ASIT) REAT()CSV2)G 10100
102 1102
904 ROGIAL TS()SUNNYOZCOXNE.ANYP 3?RP~iA~a.LtEP~T 1130
905 LOGIAL TP(OF '()POX()N2(ý)PH()WT2iRIT2t2T1140
106 f)DW T2JEP( 1150
907 PREA'EE (NPANT, J3PITzAA 1160
108 1170

112 CHAONIRACEC1/1ASENANJ STATE 9COUNTY i 1OMEPAST PSTATYPK 1108

116 ACOKHTERECS /GEL0C(1)RPIT(.PBRE() O 11500
027 1260
103 LOGIAT L EARSE A#UT/0/UPA E 1220

10?C60CN~ 13150

105 1340
126 CoLA hiMSOWES F&OGIDUM 1AhiTEIE1350
128 COKtL /PAR(STPARNU oPOXtN2TRHIHT#AIiilU)RT~TP 1170

129OPAK/H 13300
112 COMMON/INVREIBASEN~SAECUTiLTOtPS#TTE 13910

1134 14HWNE2SEAN120

11? 12460
lie0 DAT 110 C/O J1 1470
139 14380
120 C -- - - -- - - - -- - - --I- - - -- - - - -- - - - --- ---- ---- -- 14,90
141 c1300)
142 C PROCEADURdE.I2T 1510
1 43 c UFR:S()~.ST1 1520

126C5EA WS~(HOLD FRM AiTI)0RAMETEiR FIE I) 1540o
1146AL StkEAIYi.GTHV(P1)~PRNU 1570
1 194 OOEPO().TPOT 15430

148~15700
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149 1580
150 C SET DEFAULT WASHiNG IPTERVAL 1590
11! 1600

152 UASINT(1)='B' 1610
153 1620
154 C TEST FOR EXCEPT1ONS 1630
155 1640
156 IF (NEARSEA) WASHINT(I)='A' 1650
157 1660
158 IF (.NOT.NEARSEA.AND.SUSPART.AD.SU.FOX) WASHINT(I)='A' 1670
159 1680
160 IF (.NOT.NEARSEA 1690
161 + .AND..NOT.SUSPART 1700
162 + .AND..NOT.SULFOX 1710
163 + ,AND..NOT.WET) WASHINT(I)='C' 1720
164 1730
165 C SET DEFAULT REPAINT INTERVAL 1740
166 1750
167 REPAINT(I)='B' 1760
168 1770
169 C TEST FOR EXCEPTIONS 1780
170 1790

171 IF (.NOT.SUNNY 1800
172 + .AND,.NOT.OZONE 1810
173 .AND..NOf.SULFOX) REPAINT(I)='C' 1820
174 1830
175 IF (SUNNY.AND.OZONE) REPAINT(1)='A' 1840

S176 1850177 IF (SUNNY 1860

178 + .AND..NOT.UZONE 1870179 + .AND.SULFOX) REPAINT(1)=*A' Iss0

180 1890
181 C DEFINE CRROSION SEVERITY 1900
182 1910
183 IF fNERS-:A) C Evm')=A' I 920
184 1930
185 IF (.NOT.NEARSEA 1940
186 + ,ARD.MET 1950
187 + .AND.ANYOLL) CORSEV(I)=*A* 1960
188 1970
189 IF (.NOT.NEARSE% 1980
190 + .AND.WET 1990
191 4 .AMD..Q.AOTNYPiL1-) CRSEV(1)='B 2000
192 2010
193 IF (.NOT.SEARSEA 2020
194 4 .AND..NOT.UEY 2030
195 4 .AND.ANYPOLL) CRSEVQ(I)z'P' 2040
196 405%
197 IF (.4OTNFEASA 2060
1n8 + .*AD..-9T.ET 7070
199 + .A00-NOT.ANYPOLL) CORIV(I):'C 2080
200 2090
?01 110 UOTINUE 2100
202 2110
.03 C FKINT F[S1MTS 2120
204 2130
A05 CALL i1RITOUTiPRINTU) 2140
206 2150
207 WXTE(WRINTUW0-) " WTRfK•TCN"SEV 2160
N08 2170
.09 ýASECT-BASECTI) 2180
210 IF (NON BqCT,6).'O.O) CALL LI•SPRINMI16) 2190
211 2200
212 C LOOP BACK FOR 1XT BASE 2710
213 2720
214 CGOl 10 2230
215 2240
716 C -------------------------------------------------------------------- c 2250
217 C 22140
218 C EXrTI PiOESSING 2170
219 C 2280
220 C --------------------------------------------------------------------- C 220
221 230.
222 t END-O-FILE ON INPUT 2310
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223 23204 224 990 CALL LINES(PRINTU,88) 2330
225 TALL EXIT 2340
226 2350
227 C -------.-------------...................----------------------------- C 2360
m 228 C 2370
229 C FORMAT STATEMENTS 2380
230 C 2390
231 C -------------------------------------------------------------------- C 2400
232 2410
233 9000 FORMAT ('0'9'IASHING INTERVAL= 'tA2,'t ',A2. 2420
234 +T40,'REPAINT INTERVAL= ',A2o't ',A2p 2430
235 fTT8O'EXPECTED CORROSION DJA•EAL3 'tA2t't 'etA2 2440
236 +1'0') 2450
'237 2460
238 END 2470
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I S11DROUIINE R(AIPfAN(IUNITPOLWIT) 100
2 -----C----------------------------------------------------- C 11

3 C 1210
4 C SWPROUINItH TO kfAD AND PRINT PAS*AMFTERS FROM DATA FILE 1 30

c GIVEN DY IUNIT UPON OUNIl. 110
I C 150
7 C. URITHfN BY MATT RIZAI AND i'AVIt' J. HJRSIK 160
8 c MICHIGAN STATE UNIVERSITY 170
9C 00-AKp 80 I80

10 c 190
11 C-------------------------------------------- C200
12 C 210
13 C VARIABLE DiECLARATIONS20

15 c-------------------------------------------------------------230IA
16 250
17 1KPLICIT IWiEGER (A-Z) 260
18 270
19 REAL TSF'(3) PS02(3) tPCOX(2) tNO2(3)rR'HoHV# RAIN oN2CtftEWPToTEMP 280
20 REAL AP.SHUMjAHyAHT(2)) 2490

21REAL 1S'PT(2ý),SO24T(2),PCOX1(2),NO2T(2ý)PR}T(2),hVJ(2-)PRAINT(2&),D2CI(300
T2 +l)iDEWPTT(?).IEKPT(2) 310

23 320
24 CHARACTERS30 P~iSENAMDpSTATE ,COUNTYPEASTPSYATYPE 330

25CHAIRACTMR20 PLATLOMPELATLON 340
26 CHARACTER110 WASNIN'tGELOC 350

27 CHARACTERW6 lITLEPUNDER 360
28 370
29 LOGICAL EOF 380
30 390
31 PARANEIER (PARAU=3pPRINTUm2PDATAU=1) 400
32 410
33 COMMON/PARhS/TSPTSO2TtPCOX1 .NO&TRHTtNV~tRA!N~tD2CTYDEMPTI.TEMPT 420
34 CONMON/PARM2/AHT 430
35 Cflt/IEC/SEASAECUYBLTOEPS SAY 440
36 CO$ODN/ýINREC2/UBAJN1TSb"SO'ýiPCOXdNO02 450
37 COWMNI 'INREC2SELATLON 460
38 OMNIRCT0AdVAMt2~I~~TN 470
39 COMNI-WINEC35/tUiLOC 480
40 490
41 ------------------------------------------------------------ c 50

43 C Mc A 520
44 c 530
45 C-. ------------------------------------------------- c540
46 550
47 REuIND IUNIT 560
48q 570
49 IN#:Co~uT#EP 580
50 590

5!3N t 60

ý4CALLl tKiSIOWNT~ 630
640

T11T~&~iiICtWAA W St7VRITY CALMAT1IONS 650
57 660

51 700

65% CkL i"hi 5("1'T v58) 740

665 770

73i0.~~t Wi'INWTY 't;L% G/Ktt3!';t7.1t vF7.1I
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I' +OYt'RAINFALt (RAINt NM)'tF7.1,' t'4F7.1/ 840
76ilxWDISTANCE 10 SEA MDCP KH):'tF7.1o' P'PF7.1/ 850

77 + I WAPIEWPO'INT ('E~PTi flEG-C):'9F7.1t' t'sF7.1I 860
78 +10WIMElPRATIUfE (IEXJsII¼tEG-C):'iF7.1,' P'tF7.1) 870
79 880
80 9010 FORKAT C138,A60/*'$'T38,A60/T39vA,60!'4',T38,AeiO) 890
81 900
8? RETURN 910
83 END 920
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I SUBROUTINE READIN(UNITEOF) 530
2 C -------------------------------------------------------------------- C 940
3 C 950
4 C SUBROUTINE TO READ ATMOSPHERIC DATA RECORDS FROM FILE 960
5 C GIVEN BY UNIT, ALSO RETURNING STATE OF EOF. 970
6 C 980
7 C WRITTEN BY MATT RIZAI AND DAVID J. BURSIK 990
8 C MICHIGAN STATE UNIVERSITY 1000
9 C 08-APR-80 1010

1o C 1020
11 C -------------------------------------------------------------------- C 1030
12 C 1040
13 C VARIABLE DECLARATIDNS 1050
14 C 1060
15 L --------------------------------------------------------- C 1070
16 1080
17 IMPLICIT INTEGER (A-Z) 1090
S18 1100
19 REAL TSP(3),SO2(3),PCOX(2),NO2(3),RH,HV,RAI!,D2CtDEWPbTEMP 1110
-20 REAL ABSHUMAHAHT(2) 1120
21 REAL TSP1 (2),SO2TB2),PCOXT(2),NO2T(2),RHT(2),HVT(2),RAINT(2),D2CT(1130
22 +2),DEWPTT(2),TEMPT(2) 1140
23 1150
24 CHARACTERS30 BASENAM, STATECOUNTYEPASTbSTATYPE 1160
25 CHARACTER*20 PLATLONELATLON 1170

"26 CHARACTER*10 WASHINTGELOC 1180
27 CHARACTERtIO NA 1190

1200
29 LOGiCAL EOF 1210
30 1220
31 PARME ITR (PAR.lJU=3, PRINTU=2, DAIAU-I) 1230
32 1240

COMMON/PARMS/TSPTSO2TPCOXTNO2TRiT;HVTRAINTD2CTiDEi•Pf TEMPT 1250
34 COHMONIP4RM2/APT 1260
35 COMNO4N/INRECJ /BASENANSTATE, COUNTY, 8LATLONCPAST .qTATYPE 1270
36 CO•MiN/INREC21/BANTSPSO22PCOXNO2 1280
37 COMrONiINREC2S/ELATLON 1290
38 COMAONIINREC3IRHAH,NV,RAIN,D2C,DEU ,TEM? 1300
39 COhON.OIN.REC3S/GELOC 1310
--41 C ------------------------------------------------------------------ c 1330

42 C 1340
i 43 C PROCEDURE 1350

44 C 1360
45 C ------------------------------------------------------------------- c 1370
46 1380
47 C RESET DATA TO DEFAULT VALUES ;390
481400
49 [OF:,FASE, 141I
s0 RtP-i. 1420
5! •ier-t. 1430
5? RAIN=-I. 1440
53 DZ{>?99,99 1450
54 DEUPTh-1, 1460

iEiPz-•1, 1470
5 Kk= qRA° 1480

57 ASEN•t= NA 1490
58 STAr-HA 1500•
59 Cukk Y NA 1510
60 EFAST:NA 15220
61 STATfi=RA I50
62 RAILON-NA 1540
63 ELATLO5:NA 155
64 GEOC-HA I•,61 R 1k-- 1570

66 18
67 DO 10I ,1ts I 15

70• .;7 1 T S ( ) - ,1 6 3 0

,-2z IF (I.LE.2) POX•---. 1640
7 3 1650

Pq 10 C0&TI11N 156
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4 ~ ~C READ RECORD 17
76 RFAD(UNITiStENII--999)BASENANiS1ATFCOUNTYtI1AILONiEPASTiSIATYPEt 1700/9 UiANELATOTPS2,p(OXOI,171080 4 (iELOCIRH.HVRAIN,0CtIPC,p TEPT(i 172081 

1730R2AWAI4SHUM(RHTEMP) 
14

84 RETURN 
16

as1 76086 999 ECF=.TRUE, 1780
87 17BO
88 RETURN 17900
89 10
90 END 1820

90



ISUI'RUTINE WRITOUT(UNIT) 1830
2 C---------------------------------------------------------- C1840
-3 c 1850
4 C SUBROUTINE TO PRINT ATMOSPHERIC DATA RECORDS TO FILE 1860
SC GIVEN BY UNIT. 1870

*6 C 1880
7 C NRIITEN BY M~ATT RIZAI AND DAVIIB J. BUNSIK 1890

*8 C MIICHIGAN STATE UNIVERSITY 1900
9 C 08-APR-80 1910

10 C 1920
11 C --------------------------------------------------------- C 1930
12 C 1940
13 C VARIABLE DECLARATIONS 1950
14 C 1960
15 C --------------------------------------------------------- C 1970
16 1980

[7IMPLICIT INTEGER (A-Z) 1990
18 2000

19 REAL TSPC3)#SO2C3),PVOX(2),NO2(3),RHHVRAlND2CDEUPTYTENP 2010
20 REAL ABSHUNtARYAHT(2) 2020
21 REAL TSPT(2'),SO2T(2)iPCOXT(2).NO2T(2),RUTC2')#HVT(2),RAINT(2').D2CT(2030

+2)i'EWPTT(?),TE6PT(2) 2040
23 2050

24 CHARACTERS30 BASENAMiSTATE ,COUNTYEPAST STATYPE 2060
CHARACTER*2O PLATLONtELAfLON 2070

26 CHARACTERWI WASHINT96LO 208[7.7 2090
koLOGICAL EOF 2100

30 ~~~PARAMETER (PARMU-3vPRINT= 2rDATAU:!) 22
31 2130
32 COMNON/PARMSý/TSPTS02TPCOXTN02T.RNTNVTtRAINTtD2&CT.DEVPTTTENPT 2140
33 CONNON/PARM2/AAT 2150
34 COMMON/INRECI/BASENAMiSThTE)COUH4TYiBLATLO1$,EPASISTATYPE 2160
35 COMKNOHIHREC?/UWBANTSP 502 ,POXtNB2 2170
36 COMMON/TNREC;S/ELATLON 2180
37 COMMON/INREC3/RNFAHtHVRAIN.D2CDEWPT.TENP &2190
38 CONMON/INREC3S/GELOC 21200
39 2210
40 C --- - -- -- --- -- -- --- -- --- --- - -- -- -- - C 2220
41 C 22430
42 C pROr CEtJ 24

A3 2250
44 C ------- ------------------------------------------------- c 22.60
45 2270
46 VIIE(-UNIIj90OO)BASEHIA)1STATE.COUNTY.BtATLONiUBANPGELOCt .),80
47 4EPAS I STA`E,ELATLONrTSPp SO2 sCOXvNO2)pA.iHViRAI~s 242'90
48 *D2CpDEVRTvTfAP 12300
49 2 310
50 9000 FORATC0'iA30i I% 'STATE: )AWl3x COUNTY: '.AI5p5X#* LC: '1 23210
51 +AI5/ 2.330
52 41XO12( -- ~--------- W1/ '340
53 *1XtUSAN: ¼I5.5t' GELDC' .tA4.T2a'WEPA STATION. '#A3Ot776r 2350
54 + 'TYPE: *iAl0pTi00p-L6C: 'rAl5/ .136.

55 +tx, is:,3F6.l,T26p'Sfl2: 1t3F6.1eT52v 2370
56 'COX: 'A.'F6.hls .N0'R2: %p3F6.1/ 2,180

57 4t*1XAX: 'tF6d4p14#'W1: ',Ws.1,2W~RA1N: *F7.1.120WC: '0.1#2390
5s T76v'UKV - *iF5-l#00v'TEtP: 'FS.1/ 20
59 W2Y12t-----------) 2410
60 '420
61 RIVIURN 13
62 24
63 () 450
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I REAL FUNCTION ADSHUH(RHTEMP) 2460

2 C --------------------------------------------------------------------- C 2470

4 C FUNCTION TO CONVERT RELATIVE HUMIDITY (RHY PERCENT) TO 2490
5C ABSOLUTE HUMIDITY (G/WMf3) GIVEN TEMPERATURE (TEKPi DEG-CI. 2500
6 C 2510
7 C URITTEN BY DAVID J. BURSIK 2520
8 C hICHIGAN STATE UNIVERSITY 2530
9 C 08-APR-80 2540

10 C 2550
11 C -------------------------------------------------------------------- C 2560
12 2570
13 REAL RHTEMPPXLATE(69) 2590
14 2590
15 INTEGER TADJ 2600
16 2610
17 DATA XLATE/ 2620
18 +.496,.542,.592,.646,.705,.768,.836,.909,.988,1.047i 2630
19 +1.165,1.264,1.369,1.483,1.605S1,736,1.876,2.026,2.186,2.358, 2640
20 +2.541,2,737,2.946,3.169,3.407,3,660,3.930,4.217,4,523, 2650
21 +4.847P 2660
22 +5.192,5.559,5.947,6.360,6.797,7.260,7.750P8.270t8.819, 2670
23 +9.399u10.01,lO.66,I1.35,12.07,12.83,13.63,14.84,15.37t16.21, 2680
24 +17.30,18.34,19.43,10.58,21.78,23.05.24.38,25.78,27.24t28.78, 2690
25 +30,38,32.07,33.83,35.68,37.61,39.63,41,75,43.96,46.26,48.67 2700
26 +/ 2710
27 2720
28 C CONVERT TEMPERATURE TO INTEGER INDEX IN RANGE 1-69 2730
29 2740
30 TADJ-=IFIX(TEMP+30.5) -2750
31 2760
32 IF (TADJ.LT.1) TADJ:1 2770
33 2780
34 IF (TADJ.GT.69) TADJ=69 2790
35 2800
36 C COMPUTE ABSOLUTE HUMIDITY 2810
37 2820
38 A0SHUMz (RH/IO0.) S XLATE(TADJ) M30
39 2840
40 RETURN 2850
41 END 2860

A

'9
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APPENDIX C

Atmopheric Data and Severity Classifications

U.S. Air Force and Air National Guard Airbases in the
Continental U.S.: Environmental Data and Corrosion

Maintenance Interval Recommendations.

Listed below are threshold values for the various environmental factors used in
the corrosion maintenance algorithms. Following these are the reported values

for each airbase and the computed maintenance intervals. The methods used to
establish the First and Second threshold values are discussed in paragraph
4e. of the main text of this Report. Values in this Appendix, the source

from which they were taken, the units, and other information included in the
Appendix follows.

All airbases listed on the PACER LIME Interim Severity Classification list
(Appendix A) are included in this Appendix with the exception of Albrook AFB
Balboa Canal Zone, Anderson AFB Guam, Howard AFB Canal Zone, Kincheloe AFE M1,
and Shemya AFB AK. Lockbourne AFB has been renamed Rickenbacker AFB. Base
locations and WBAN numbers were taken from the WBAN Station Numbers Master
List 5 9 prepared at the National Climatic Center, Asheville, NC, August 1978.
Geographical Location Codes, GELOC, are from AFM 300-4 Volume XII pages
12-234.002 to 12-234.145.60

Environment&l Protection Agency, EPA, Monitoring Stations are from EPA-450/
2-78-002 "Directory of Air Quality Monitoring Sites Active in 1976.*'61 Station
type and station location are from the same source.

Station types include: Abbreviated as:

C onme rc i a : COMM
Downtown . DOWNTOWN
Industrial . IND
Mob i le . MOBILE
Info. not available : NA

Residential RES
Rural : RURAL

Values for pollutant data are from EPA-450/2-78-O02 Part II. Total Suspended
Particulates (TSP) values are Zhe first and second 24 hour maximumim and the
arithmetic Inean in micrograms per cubic meter. Sulfur Dioxide (SOI) values are
the first and second 2• hour maximum, and the acithinetic mean in micrograms per
cubic meter. Photochemical oxidants (POX) as ozore values are the first and
second 1 hour maximum in microgrqms per cubic meter. Mean values are not
available. Nitrogen Dioxide (NO4 ) values are the first and second 24 hour
m--it-um, and the arithmetic mean in micrograms per cubic meter. In cases where
only the arithmetic mean was available, the mean is recorded with 0.0 listed

for the two maxima.

Absolute i'unidity (All) is the product of relative humidity and the mass of
uater per cubic meter of water-saturated air at a given temperature. 4 8 Mean
annual relative humidity (%.) and mean annual temperature (°C) values are from
USAF Environmental Technical Applications Center, "Worldwide Airfield Climatic

93



Data," Vols. 1-VIII, 1970.54 Dew point (DEWPT) °C values come from USAF

ETAC.54 Temperature (TEMP) °C, see Absolute Humidity above for source. Solar

radiation (hb) is the mean solar radiation for July in Langleys, and values are

from Baldwin, J.L., "Climates of the United States." 5 5  Rain data is in milli-

meters. See Absolute Humidity for source.

Di;tance to the sea (D2C), kilometers, is from U.S. Department of Commerce,

"Sectional Aeronautical Charts." 5 7 The value 10,000 is entered if the distance

is greater than 4.5 km for computational purposes.

Wherever data was not available, -1.0 is listed for numeric fields and NA for
SI alpha fields.

Maintenance Reconmmendations:

WASHING INTERVAL The first letter is the calculated interval using

threshold values I. The second letter is the cal-

culated interval using threshold values II.

REPALNT INTERVAL = Same as above.

EXPECTED CORROSION DAMAGE = Same as above.

* N.B. These reconmnendations are based on the listed data, and their validity is

su ject to the accuracy and availability of such data. If more accurate

or more complete data are available, they may be used directly in the

Maintenance Algorithms to compute revise.i recommendations.
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ATNASHO1C DAMTA M SEWITY CALUaJTIUN

iiREMia VKJES:

TOTAL SUSWUE PARTICtILATES (TSP# WAND*3: 61.0 86s0
UM.F OXIDES (SO?. WGNW3). 43.0 1 72.0
PHOTOCMEICN. oX~IrS (PCOXP L/ISMSSM 36.0 t 47.0
NITRODE OXIDES (NO?, US/N*$: 64.0 P 78.0
AMUOTfE HIHIDITY (AI, GIIII*3 7.1 t 9.0

MEIGHT (Ill LMIGESM): 599.0 1649.0
FiIWAL. (RAIN. M): 1250.0 1500.0
DISTAMc TO SEA (D2CP KHE: 4,5 p 2.0
DEWINT DEWIFJ IE-C)* -1. 0 f -1.0
TEIWOA11 (TEMN, DE$-C 11.0 1 13.0



A M. ME IIRIINIIB1M STATE: AL COUNTY: JEFFERSON LOC: 03335N 08645W

WMI : 13818 GEL.C: VU EPA STATION: IIRMIN6HM TYPE: DhINTON LM 03331N 08A8
TSP: 268.0 232,0 93.0 S021 52,0 15.0 6,0 PCOX: 299,0 299.0 NO? 147,0 145.0 60.0
AN : 10,6 W: 500,0 RAIN: 1346.0 D2C: 10000.0 D!WT: 11,0 TEP: 18,0

MASHIN6 INTER=.- 3 * B REPAINT IKTERJM= B , I EXPCE CORROSION DMAGE" A * A

ALTUS MB STAIE: OK COUNTY: JACKSON LOC: 03440N 09916N

_WvD: 13902 £LDC: AGGN EPA STATION: ALTUS TYPE: COM LOC: 03438N 09920W
TSP: 142.0 129.0 67,0 S02: -1.0 -1,0 -1.0 PcoX: -1,0 -1,0 N02; -1,0 -1,0 -1.0
.AN: 9,1 Wt 600•0 MIWI -1,0 D2C: 10000.0 DET: 10.0 TENP: 18.0

mASING INTERM.: 1 B REPAINT INTEWL= B , C EXPECTED CORROSION DMNff A B 3

AORE AFD STATE: 14 COUNTY: PRINCE EORGES LOC: 03849W 07652

giWk: 13705 GLE A EPA STATION: DC TYPE: Com LOC: 03701N 074549
TSP: 354.0 169.0 8V.0 S02: 273.0 246.0 108.0 PCOX: 392,0 333,0 D02: -1.0 -1.0 -1.0
AN: 7.8 HY: 500.0 RAIN: 1047,0 D2W: 10000.0 WEMPT: 10.0 TEi• 11.0

WMASVNG IIEW -- A A REPAINT INTERU1k: I v EXPECTED CORROSION IW a A t D

'AR AN FORT SMITH STATE: AR COIUTY: SEWSTIAN LOC: 0352 09422V

1144 03926 GELOC: WIUZ EPA STATION: FT SAITH TYPE, Com LOC: 0352UA OS.2
TSP: 161,0 112.0 o1.0 SV: 11.0 10.0 3.0 PCOX, -1.0 -1.0 N02 75.0 74.0 36.0
AN4I 10.2 t•: 550.0 RAIN: 107.0 92C. 10000.0 kvT: 9.0 TEWIO: 17.0

m• NUNG 1WnERUM. B , BI I REPANT INTERWi C C EIEKTE) CORMSION Il a 8 v I

WASBALE •B STATE: LA COUTY: CAWAOSSIER LOC: 0,23i 09340W

g : 13944 xELOC: A" CPA STATION: SgfiVMT TYPE; cI LOC: O29 093A4
TSP: 160.0 145.0 75.0 902: 7.0 2.0 3.0 PCOI: -1.0 -1.0 ND?: 73.0 58.0 29.0
AN: 11.3 W: 550.0 RAIN:. 1168.0 2c: 10000,0 DEWT! 12,0 TEt: 19,0

WSUNG IITERWA4.4 s I RiPAIT TIxftR&* C , C EXACTED C2OSION DMi 2 A a ,

GEWiL AF! STATE: CA mTY: s JTiR LOC: 039UN 1212U

OAW: 93216 ELOiC: MDY EPA STATION: LIYE OK TYPE: RES LOC: 03916M 1&2140
TSP4 242.0 187.0 121.0 9S2: -1.0 -1,. -1.0 POW -1.0 -1.0 ND2: -1.0 -1.0 -1.0
mi: -. 0 W: -1.0 RAIN: -1.0 02C' 10000.0 DWT: -1.0 TEt: 0.0

wsMINGlERw•U1 3 REKINT I&T•i 1: C ,C E TE CWE ION PWMII 1: ,8
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BERGSTROM AF STATE: TX COUNTY; TRAVIS LOC'o 03013N 097400

WW: 13904 GELOC' DLN EPA STATION: AUSTIN TYPE. C LOCC 03022 09744V
TSP: 193.0 100.0 63.0 S2: 146.0 76.0 6.0 PCO)X: 286,0 271.0 H02: 93.0 79.0 24.0
AN: 1201 I,: 600,0 RAIN: 72M.0 D2C: 1000,0 DEPT: 13.0 TmEP: 21.0,

HASKIlT INTERVA.L I I EPA.hT INTERV.AL A , I EXPECTED COSOSION W A , A

KYTINILLE WI1 STATE: AR CLUTYM: HISSSIPPI LOC: 0355ON OWN

BA: 13814 6ELOC: MYdR i2A STATION: BLYTWVILLE tYPE: COHN LOC: 03SN 08354
rTS: 215.0 147.0 74.0 502? 32.0 16.0 4.0 PCOX: -1.0 -1.0 02: 274.0 64.0 34.0
AH1 9.0 NY: 550.0 RAIN: 1217.0 b2C: 10000.0 . EWT: 9.0 TEW: i6.0

"si INTE L= I I REPAINT INUk• -- C , C EXPECTED CORROSION W = A , I3

CA EY N W6 DOW STATE: CO COMIDTY' DEMO LOC: 03945i 10M00W

NOW: 3W00 GELOC: CWJ EPA STATION: KOWO MI. Co LOC: 03945,. 10494
W.: 456.0 A1.0 139.0 S02: 162.0 1S8.0 29.0 PCOX: 329.0 M.0 W02: 204.0 l8.0 67.0

AN' 4.6 NI): 550.0 RAIN 380 920 10000,0 KEWT: 2.0 TDI' 9.00

WS1UN INTERVAL=~ 8 B WW TP!IT iNERw. I f 8 EXPECTED COW ON WAE I i I

CA iG FREWNO STATE' CA COUNIY: FESNO LObC: 03646W 119422

W,.' 23106 GELOC: HAW EPA STATION: FU•SNO TYP: COl LOC: 0&.4N 119•
TSP? 307.0 2 6.0 1320 S02: 12.0 12.0 3.0 PCOX: 431.0 372.0 N02: 147.0 133.0 58.0
M?: 9.1 I) , RAIN1 264.0 a2C: 1000 DEWT: 10.0 TEM: 17.0

NAHM ImNi".~ I I REPAIdT INTEP&MA A EXPEC1ED CWMO WAM~ A .A

CA A.DM W STATEO' CA WilTIY: AMD(M LOC: 0374WI 1222OW

wlM 23205 &LOC: TiTM RA STATION: 0" TYPE: CvI LOC: 03DA1 1221
TSP1 147,0 166.0 63.0 S02: 12.0 11.0 4.0 rCON: -1.0 -1.0 Mal 243.0 194.0 60.0
W,: 0-a iW: 65040 RAIN: 439.0 we: .5 IWT: 8.0 TENP(! 14. 0

MAUWG JNtUlama A A REPAINT INTEWiA. I I KCES3 t IO AM~a #At AA

CA AG M S STATE: CA amn: Los LOS W ES LoE: 03413M 11m3

* S~? 23130 GELOC: XII? RPA STATIOC LOS ANELE1S TYPE: COM LOC: 03"0 11&iN5
TSI, 240.0 2zso 109.0 $072: 195.0 194.0 52.0 P~oX: -1.0 -1.0 A02: 349.0 279.0 135.0W: ?.3 W4 650.0 tAlH 7 287.4 82C: 1000,0 .0WT: 10.0 TOC? 17.0

""WS IN1-- A I 6OANT IiMrK A I E)CTED CSI N m A A
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1

CMNlM M11 STATE: NW COITY: CumiY LC: 01425M 1030M

vim: 23077 GELO CI!Z EPA STATIOW: COVIS TYPE: cOIS LOCO 03424N 10312N
TSP: M.0 241.0 M.O S02: -1.0 -1.0 -1.0 PCOX: -1.0 -1.0 N02: -1.0 -1.0 -1.0
MH: 6.2 HVJ 640.0 RAIN: 384.0 K2C: 10000.0 DEtT: 2,0 1MP: 14.0

iW& INTER'JM I I M UPAINT INTEWRVL= 9 C EXDECIED COMOSION DAME= 3 0

CMSMWL MU STATE: TX CIMTY: TAM•IT LOIC 03246M 09725U

M1: 13911 E•E.C: Mf EPA STATION: FORTH TYPE: RES LOC: 0324N 097219
TSP: 141.0 108.0 60.0 S02: 5.0 7,0 3,0 PCOXM 363.0 3M.0 M02' 244.0 244.0 25.0
A: 10.1 IW: 00.0 RAIN: M72.0 O2N: 10000.0 3!WT- 11.0 TEWPl 19,0

MSIN6 INTEMML , a PA9 INIMWl A 13 EXPECTED COMJIO DWAGE= A , A

CASTLE MI STATE: CA COUNTY: NEWCED LOC: 03723N 12034V

Wi: 23202 GE]OC: KSR EPA STATION: ORD TYPE: O LOC: 0371ON 120,A0
TSP: 293.0 266.0 132.0 SU: -1.0 -1.0 -1.0 PCOX: 274.0 274.0 N02: -1,0 -1.0 -1.0
us: 9.1 NY: 650.0 aIm: 27.0 P2C: 10000.0 DEMPT: 8.0 TEMP: 17.0

WMI56 INTEWAL: 1 5 R*:IT IN TBK= A A EXPECTED MMION l A t A

CJALiSTON An STATE: SC COUIITY: 00USTON LOC: 03254N ow@v

WAN: 0307 ELOC: NW" EPA STATION: CHWUSTOM TYPE: COM LOC: 03247W 08M
TP: 124.0 99.0 W3.0S02: 15.0 35.0 5.0 -1.0 -1.0 N02: 99.0 91.0 44.0
W: 12.3 W' 500.0 RAIN 1196.0 4.0 KlT: 13.0 TEP: 19.0

tl U MINEWV= A , 3I wi'AIl NIEmiM&. C I C UYTED C IN DW, r Me B

COWLI" A" STATE' le Cum* LUTS LOC: 033390 OU2IW

ISM: G382 Ei0: PZ EN STATION' COLMJS TYPE: RES LOC: 033M 08M
TP: 123.0 116.0 .,0 5C02: -1.0 -1.0 -1.0 PeM -1.0 -1.0 W2: -1.0 -1.0 -1.0
AR: 10.5 HW: 50. RAIN: 1t5,0 12C., l00O.0 NEWT: 11.0 TOP: 17.0

W A IMUM. I I REPAINIT I•IE). • C, C EXPECTED 1MOI 6W -v I I

MU A STAME AL COLIM: WWIS LOC.' O32WN OU59

Wtlo 13450 GELOC: EYi EPA STATION: SBJi TYPE: COO LOC: 03224 07I1
ISP 120.0 117.0 73.0 S02: -1.0 -1.0 -1.0 Pti: -1.0 -1.0 kNO: -1.0 -1.0 -1.0
N: 11.3 W: W0.0 MIC: 12M.0 I=2: O000.0 WT: 13.0 TMr: 19.0

Us" I1ITE]uW.K 1 , 3 RUEPAIT jTEw1.•" C f C EXPETED C 1•ON 00 NAE= A I



*i

CT MG BAWLEY ST4TE: C CIONTY! IMTFORD LOUX 04156M 07241N

iWA: '4721 BELOC: CEKT EPA STATION,: ET ISOR TYW: IN LOU: 04159 072379
Ts: 144.0 115.0 75,0 S02; 50.0 29,0 12,0 PCOX: -1,0 -1.0 mm: )23.0 %.0 60,0
AN: 6.3 HW! 450.0 RAIN: 1095.0 12CI: 10000.0 KnWT: 3,0 TEW: 10.0

UASIN6 INIERVm.:I , C 6~ INTEJM C C EXPECTED COR0RSION DAIAE: I , C

0DAS AMO1NT• F2 STATE: AZ COIMTYI PFIl LOE: 0321N 1105N

W: 23109 GELr: NYD EPA STATION: TUCSON TYPE: CO LOCU 032121 11052N
Tsp: 264.0 151.0 78.0 SC2: -1,0 -1.0 -1.0 PCOX: -1,0 -1,0 N02; -1.0 -1.0 -1.0
M: 7.0 W: 400,0 RAIN: 249.0 m2l 10000.0 1EWPT: 3,0 TEWP: 21.0

NASIWS IN1EWK=I~M C REPAINT 1II1~M.K I C EXECIED CORROSIDN WA I vC

DE ME NILINNTOM STATE: DE .Uff: a CASIE LOe: 03941N 075361

MAN: 13708 GROC: ZM EA STATION: $ILIINGTON TYPE: CON LOe: 039441 0753Ud
TSP: 165.0 131,0 92.0 S02: 143.0 116.0 44.0 P•OX: -1.0 -1.0 N02: -1.0 -1.0 -1.0
AN: 8,1 W: 500.0 RAIN: 1113.0 02C: 2, DE*:T: 7.0 TEMP: 13.0

WING INTEM= A I REPAINT INTERL- iI C EVECTED CO NOS M1 iz AA, 9

DOWNIS MI STATE: GA COUNTY: CO O: L 331 0431W

VW: iSM MEOC: FM EPA STATION: 1IkTRTA TYPE: COMN LOI: v,05N OWNISM 77.0 76,0 43.0502: -1.0 -1.0 -1,0 fPCX: -1.0 -1,0 02: -1.0 -1.0 -1.0Ali: 9.8 MJi 500.0 RAIN: 1171.0 DMA: 1M0000. "ET: 10.0 TWEOP 16.0

4A01I1 IMIEw. b• I RP AINTEM a C , C D'.CTO.D D.SI( M IN i II

[0 A"R SI STATE: K CO•sAITY WNT LOC: 0390M 075M

1370 GEizOCso: FIX! I T TO: Er ~ TYPE' MMw LOCI 3059M 07m30
TSP: 154.0 139.0 67.0 .=: 15.0 !5.0 6.0 PM: -1.0 -hO 002: -1.0 -1.0 -1.0
M: 8.3 W: 500.0 RAIN 112S.0 Wl: 3.5 lkT: 9.0 TEW: 13.0

W&WI mlo 1TMA 4 C REPANT 1E1ER- C, C UEVETW COM ON IN~ Ut C

* 1U1WN .4N6 STATE: M COUITY: ST MJIS LOCU 04 09211W
&

s 10: 1.•I MIOC: F1* EPA STATION: RUL:0TH TYPE: CM LOe: 04"am 09206N
MT.P 190O 101.0 43.0 SV' 11.0 10.0 6.0 •2: -1.0 -1.0 102: a2.0 45.0 29.0
MI: 4.7 i: 550,0 FAIN: M5.0 Ie: Iz 0.o i•W1: 1.0 TEMP: 4.0

N.WM tNTEr. C -C tm T IXTRA C c EMTED (OMON IM C C
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DYESS AFI STATE: TX COUIIT 1 TAIYOR LOC: 03226N 099511

trol: 13910 6ELC: FNWZ EPA STATION: AVI.E TYPE: RES LOC 03227O 099409
IS: 137.0 133.0 60,0 S02: 2.0 2,0 3,0 PcOX: -1.0 -1,0 N02: 57,0 46,0 21.0
AMI 989 IW: 600,0 MIN: 643.0 D2C 10000.0 IEVT: 9.0 TEiW: 16,0

UAI§G 1•M D 9 C WfPINT INTERVL I P C EXKCTED lOSMION W • 3 , C

EN.S AMi STATE: CA CoMY: KEW LO 03454N 1175,

AN, 23114 GR.o: FSPI EPA STATION: AM xIELD TYP1: COM LOC: 052IN 1190x,
TSP: 416.0 409.0 171.0 SO21 -1,0 -1.0 -1.0 PCOX: -1.0 -1.0 002! -1,0 -1,0 -1.0
AN: 6.7 Mw: 700,0 RAIN: 89.0 DX: 10000.0 DEWT? 2.0 1EMP: 17.0

MkASKIN6 IiIEVmaL !1 , WINT IK!1• •1 I B EJGEC1•D •£OM ON GE- I,

M.IN STATE. FL (- r: ESCMIIA LOC: 03040 086M22

MANI, 03842 saM: FFA EPA STATION: PE1NSA TYPE: COM LO: 0303 6 0871A2
TSP: 193.0 103.0 45,0 S02: 202.0 179.0 26.0 ICOX: 314.0 306.0 M021, 110.0 64.0 32.0
AMi -. 0 1W: -1.0 RAIN: -1.0 SX: 2.0 DEWY: -1.0 TEi.: 0.0

w~i INTERV&LZ A ,A kIPAINT INTEUJM. I B EXPECIED COMION MAU- A MeAA

EIELSON AFS STALE: COUNITY': FAIRIAMIS LOU MM41 14706N

lAN: 26407 -0C: FIGN EPA STATION: FAIR3MiS TMPE: £, Lac: 4600 1.•4Ui4
TSP: 264.0 251.0 123.0 S02 22.0 21.0 12.0 PCO: -1.0 -1.0 NO2I 110,0 1e3.0 59.0
AH: 6.4 WV/: -1.0 RAIN: 376.0 02c: 10000.0 WI TIt B.0 1TM 9.0

SELLSO•Ti AF1 STATE: S4) UMLY NM LOU 0.44,0w IM
-ThJ --- --------- ----- - riu --------- oe .~1301---------

WC 2Moo GEaw:: FOR 'PA SIATIOM. RWDM~1 Y 1YIVE: CM 0X: 0440" 1031N
TSPI. 334.0 259.0 95.0 SO2: 2.0 2.0 5.0 PMI: -1.0 -1.0 W02: -1.0 -1.0 -1.0
AN 16 4.9 W: 40.0 LUI0: sl,.0 lac: 0o00.0 "LOT: 0.0 TMI* 8.0

a%"hJ lETEN " I 101,T IMI.EW,- I , C E.CItD COM1ON P GE 5 I, i

MiSTATE. M X ' . weE : O611SM 14948d

"WM: 2401 wELOC: FTIS EPA SIATION.: AM AG TTPE: is LOUe: OIR 1465W
TSP: -1.0 -1.0 -1.0 sM%: 32.0 25.0 7.0 KP= -i.0 -1.0 muz -1.0 -1.0 -1.0
AN: 4.1 w: -1.0 irAi: 430.0 tvc: 1.0 •WR: 3.0 TEl: 2.0

i&M IJ mua A, A 9"AM DUEZK- C .C WITED 1CM N W M e A&



&EN6LMS AF3 STATE: LA COINTY? RAPIIES LOCU 03120N 0923M

WWANI 13934 E.OaC BANN EPA STATION: ALEXAINRIA TYPE? COl LOCi 03117N 092209i
TSPV 96.0 81.0 41.0 892: 10,0 8.0 3.0 PCOXI -1.0 -1.0 N02t 54.0 53.0 23.0
AH: 11,7 HNV 500)0 RAIN: 13'190 B2C 10000.0 DiEUPT: 13.0 TEHPI 19.0

PAINS INTEVA= : t I REPAINT INTER -A C , C EXPECTED CORROSION MUA6E= I I

FAiRCHILD AFB STATE WA CUHTY? SP N LOCI 04738M 11739W1

WBAKW 24114 9ELOC? 6JNZ EPA STATION SPOKAINE TYPWE RES LOCI 0474ON 1172511
TSP: 235.0 228.0 99,0 S02' 108,0 107.0 25.0 PCOX? 176.0 137.0 NO2? 0,0 0.0 48.0
M: 5os HNV 650.0 RAIN* 363.0 D2C? 10000.0 *I'iPTI 1.0 TEMPI 8,0

WASHING INTERAL= 1 0 REPAINT INTERVA A r A EXPECTED CORROSION DAMA6E= I I

FL M6 JACKSNVILLE STATE: FL COINTY! NMRM LOC: 03014N 081410

WBMAN 93837 6ELOC: LSBA EPA STATION! JACKSONVILLE TYPE' II LOC! 03024N 0813411
TSP: 68.0 6,0 33.0 S02? 207.0 141.0 28.0 PCOX( -1,0 -1#0 k02 50,0 35.0 23.0
ANi 14.4 NV: 500#0 RAIN: 1168.0 D2C: .5 WEIT: 16,0 TE1: 22.0

WRAING INTER = A A A REPAINT INTERVAL= C , C EXPECTED CORROSION WMGE= AA, AA

FORiES AF8 STATE? KS CILNTY? SHAWNEE LOCU 03857N 09540 1

iWIMI 13920 6&L(E! WU EPA STATION' TWOEKA TYPE# RES LOC? 03902N 095419
TSP: 142.0 134.0 70,0 S02: 9.0 9.0 3.0 PCOX! -1#0 -1,4 102? 74.0 43,0 24.0
AN' 7.6 HN: 550,0 RAIN?# 75550 D2C? 10000,0 DE'T; 6.0 TEMP: 13.0

WASHING INTERVAL= B Y C REPAINT XNTERVML- C t C EXPECTED CORROSION DAMW= A , C

FRAIICIS E WVAREN MB STATE: VY CLUITY? LARAMIE LOUE 041091 1044811

UAN:t 94006 eELOC# &YIW EPA STATION? CHEYENIE TYPE? COMM LOCI 0410011 104490
TSP: 88#0 78,0 34.0 SO2 18.0 16.0 4,0 PCOXt -1,0 -1,0 102? -1,0 -1,0 -1.0
NI? 4,5 NY: 600o0 RAIN? 386,0 92C? 10000,0 rWT: 3.0 TEMPI 8#0

WASHING INTERA= C , C REPAINT INTEIM= I 3 C EXPECTED CIROSId•k iM•M C t C

G. ANW TRAVIS STATE: SA COOHTY? CHIATHAM LOCI 03208N 08112W

OWN 03822 BELOC: XIJBN EPA 2TATION: SAVIW TYPE I COl LIE: 03205N 0010611
TSP' 158.0 119.0 64.0 S02' 10.0 8,0 3.0 PCU: -1,0 -1.0 N021 84,0 63.0 36.0V MAN, -. 0 wtV 500.0 RAIN? -1.0 02C: 100000 BEWT: -1.0 TFW: 0.0

WASHIN6 INTERAL:= I , C REPAINT INTERVAL= C , C EXPECTED CORROSION MAGE= , C
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GEORGE An STATE, CA COUNTY? SY 1 W RDINO LOC: 034351 11723N

MIAN: 23131 SELOC. MM EPA STATION: VICTI]VILLE TYPE, ON. LOC: 03432M 1171
TV! 160.0 133.0 104.0 902! -1.0 -1,0 -1,0 IcoX: -1,0 -1,0 1m21 0.0 0.0 3410
AM: 6.2 INJ 650.0 RAIN: 86.0 32C! 10000.0 ISElPT 1.0 TEMP: 17.0

MSHINi IITER&= I I REPAINT IMTERyPAL 3 , I EXPECTED CORROSION MM8E= 1 3

1I)OELLON AFl STATE! TX COUNTY? TON ORO LOCI 03124M 100241

"WAN: 23017 6ELOC: JCGU EPA STATION: MSlA AMD TYPE: COII LOC: 03129N 100268
TSP? 107.0 51.0 55.0 S02? 2.0 2.0 3.0 PCOXM -1.0 -1.0 02: 36,.0 34.0 14.0
AH: 2.6 WJ: 600.0 RAIN: 376.0 02M 10000,0 lE1FT: -1.0 TEMP: 0.0

UASHIN6 INTERA= C C REPAINT I,,ERVAL= , C EXPECTED CORRSION BMMIE C C

RIS FORKS AFB STATE: NO COUJITY$ GRN FOLRS LOCI 0475"7 09724U

MIANW , 94925 GELOC: ,SD EPA STATION: FARGO TYPE: COI LCC: 04&'N 096417V
TSP? 125.0 123.0 67.0 S02? 2.0 2#0 5.0 PCOX: -1.0 -1.0 02? 56.0 56.0 53.0
AH: 4,5 wIj 550.0 RAP. 4 "1.0 D2C: 10000,0 BUPIT: 2.0 TEMEP! 4.0

WASHIN6 INTERVL= B , C REPAINT INTE]VML= C , C EXPECTED CIROSION DMAHiE= I C

1 IFFISS AFB STATE: MY COUNTY: ONEIDA LOC: 04314M 07524M

MNl: 14717 ELOC: ,M EPA STATION: ROW TYpE: COM LIcC: 04313M 07,
TSP? 163.0 105.0 59.0 502: 57.0 55.0 9,0 PCOX: -1.0 -1.0 M02? -1.0 -1.0 -1.0
MI: 6.2 IW: 450,0 RAIN? 1100.0 02C: 1000 MOMKPT: 4,0 TENi: 8.0

"•SINS6 I1TB = C 0 C REPAINT INTEMOW= C , C EXPECTED CORROION DIMME C , C

6RISSAI MF STATE: IN COUNIItl LC: 04039N 0860

WWMI! 94833 MOC.C: CTG EPA STATION: MO(ND TYPE: COM LOC: 040301 0607N
TSP: 196.0 114.0 66.0 S02 74.0 51.0 15.0 PCOX: -1.0 -1.0 N02: 56.0 40.0 29.0
M": 7,0 IU: 500,0 RAilN 1100.0 ex? 10000.0 DUEPW: SO TEW: 10.0

MASHI1M I .TEM- 3. C UIPAIMT IMTERV.i C , C E TEPD COMSION DNMmG I C

IWAILTON WO STATE: CA COUNTY: WkIN LtC: 09M 12230V

WIAN: 23211 GELQC: -fYZJ EPA STATION? SAN RAFW. TYPE: UNB LOC: 03758M IMIU
TSP: 170.0 111.0 48.0 S02: -1.0 -1.0 -1°0 PCOX: -1.0 -1.0 M02: 0.0 0.0 54.0M: 9.1 INi 650,0 RAIN: 65P.0 "2T: 10000.0 DE:T? 9.0 Th* 14. 0

Valn IM' N J I I REPAINT IMTEWA. 3 B MCTED CO' ION Ma- 1 6

•.(2



HANSc B STATE. , COUNTY: NtINLES LOc: 0422M 07117V

WNA: 14702 BELm: W EPA STATIONW:O TYPE: 01 IOC 04229W 07109
TSP' 129.0 90W0 49.0 302f 18,0 13,0 8.0 PC:OX -1,0 -1.0 N023 85.0 64,0 35.0
A: 6.3 W: 500.0 RAI: 1199.0 l2c 1000.0 lDiPT: 4,0 iiip: 9.0

MAS616 INTERWAL- C C REPAINT IXTEIMVLz C , C EXPECTED COIRRSION MiMGE; C t C

HICNI A STATE- HI CUMT? HONOLULU LOC: 02120 1575IM

WAN' 204 eWlOC: M EPA STATXI!N: WIKULUI TYFE, COflLOCI' 02119N WIMN
TP: 113.0 95.0 52*0 902' 32.0 12.0 3.0 PCOX: -1,0 -1,0 NO2* 67,0 64,0 37.0AH! 16,t 1' -1,0 RAIN? 467,0 12t .5 DW¶ 18,0 1fl' 250

HASIN6 INTERVAZ ,A REPAINT IN1ERVL= C, C EXPECTED CORROSION WINA6E M, AA

HILL AI STATE: UT COUNTYT MEFE LOCi 04107M 1115NW

WAN: 24101 GELOC= WM EPA STATION: OWN PE: cow Lac: 04113N 1115U
TSP; 320.0 3010 102.0 02: 810, 75.0 21.0 PCOX: -1.0 -1,0 N002: 0.0 0,0 48.0

,H*. 5.2 W: 6(00 0 427.0 32U 10000,0 1WWT: 1 .0 TEW 11.0

WMSING INTERVM.z I D REPAINT INTERW$& B C EXPECTED C~OSIONW DAAEa 1 8

HOLLOMAN ?FP STATE: M COUNTY: OTERO LOCU 0325IN 106M

WA: 23002 6ELOC: KD EPA STATION: 9MMOGORDO TYPE: CO1 LOc: 03254L 10657O
TSP' 478.0 246,0 70.0 S1D2 -1,C -1.0 -1.0 PCOX- -1.0 -1,0 Na2 -1.0 -1.0 -1.0
AN: 6,1 W! 650.0 RAIN: 170.0 020 100e.o DEWT! 21.0 TE P: 17.0

WSHING INTEM= , C REPAIKT IN•-RV ~ I I EXPECTED CO;0SION ODOAEU I C

HOIMSTEAD AR STATE: FL DXWil: WXE LOCI• 075294 0024V

•w: 26 W,1OC' KYJ EA STATION' 4XST"FS TYPE: CO LOC: 025M 0N
TSP: 79.0 72.0 42.0 S02: 35.0 20.0 7.0 P01: -1.0 -1,0 Il' 40.0 36.0 16.0
AN, 15.6 ,W: 500,0 AIN: 1607.0 IN2: 2.5 vuT: 19.0 TEMPI 23.0

WHIlNG INYEM~kn A I S ANT INTown. C t C EXPECTED CORMS 00 UNGv A I

IA W DES MONS SIATE: )A £CWY POLK LOU: 041358 09337Y

WANI 14967 GE.•t FFAN EPA STATION. K IIS TYPE: 16 iOC: 0110 0933&
TSr: 173.0 158.0 86.0 902 • l7.0 93.0 6.0 POW: -1,0 -1.0 WIM: 47.0 45,0 26,0
AN: 6.6 IW= 500.0 RAI. 796,0 e! 10000.0 KWT: 4.0 TW•W 10.0

NSt1IG INTERVL I , C REPAXl INT£]W.. C , C ElIECTED l•ROSlO lt&£ I , C
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A'I

IA AN6 SIOUX CITY SlATE: IA CamtlTY o m#00 RY LOC: 04224ff 096231

WAi*: 14906 ILOCI USI EPA STATION: SIOUX CITY TYPE: COINN LOCI 04230M 09024
TSP: 1900 142,0 72.0 S021 12.0 12.0 8.0 PCOE -1,0 -1,0 NO2V -1,0 -1.0 -1.0
AN: 6. M 550,0 RAIN: 67040 rn: 1000,0 E"IWPT 3,0 TEHPI 9.0

- MASUIU6 INTERVAL= I C REPAINT INTERVALW C C EXPECTED CPRfOSION DMMAAE , C

IP MNG IISE STATE: ID COUNTY: ADA LOCI 04334Nf 11613W

*AN: 24131 vELOC: MII EPA SIATION: BOISE TYPE, £0M LOC: 04337K 11612M
TSP: -1.0 -1t0 -1.0 SO2: 51,0 49.0 1890 PCOM -1,0 -1.0 NO2' M6,0 83.0 50.0
ANH 5.7 NY 650.0 RAIN: 340.0 1120: 1000,0 lrT: 1,0 TEM4 11.0

ASHIM6 INTERVWr= C , C REPAINT INTER&= I I EXPECTED CUMOSION WMM= C r C

• II B CAPITA. .'TATE: IL COUITY! SANGNIO LC: 039"MW 08940V

. •AN1 93822 6ELC:' WF, EPA STATION: SPRINFIELD TYPE: COMM LOC1 03949 09939M
TSKP 319,0 201, 95.0 602: 352,0 131.0 7,0 PCOX: 214.0 206.0 #02: o0,0 53.0 30o0
kf*t 7.5 MN 500,0 RAIN: 85,0 02C: 10000.0 WWT: 6.0 TEIP, 12.0

IJASNHIN INTTamRV&= , 3 REPAINT iNTERMS: I B EXPECTED CORMSION DMAAC-. A 3

IL AMI LAW-STATE: 'L COLTY? COOK LOC: 0415"9f 075,4N

WAN: 94846 6aw: n EPA STAT!IW: i)1CAM0 TYPE: RES LOC: 04159N 087479
M8P1 451,0 259,0 74,0 M2: 13,3,0 96.0 16.0 PDM: -2.0 -1.0 N02 OV ,0 184.0 72.0

AN: 6.3 IW: 500.0 RAIN: 746.0 rM: zo#o0,0 E'T: 3,0 IM: 9,0

WASHING INTERV&" P I C REPAINT IKIT2& C , C EXPCTED CORRSION WAME.- 1 f

I1. "I PEOR!A STATE' L Cfl, MT: PEORIA L3C, 04040ff 08941V

4 WMI~14842 ESAE: 1ilT EPA STATION: PEORIA JYPE: CC21 10: 0404f M93w
TSP: -1.o -1,0 -1,0 5M: 523.0 405.0 140.0 PCOX: 200.0 171.0 4I• -1.0 -1.0 -1.
AN: 7,0 W.: 50490 RAIN: 979,0 I, lO000,0 KN T: 5.0 TEMP: 11.0

wAmlZ INTERVM A R, ,RiPVNT1TER • EXP{ECTIED SIOJM IGE i,

IN AK M STATE: IN CaMT: MiEN icc: 04101.4 0851%

*~l~f WII140 EL0£: ATQZ EPA STATION', FT SMllE TYPE: RES ioc1 04104f 09508
TSP: 191.0 156.0 68,0 S02: 94.0 84.0 25.0 PCOXI -1.0 -1,0 102: 66.0 65.0 41.0
M4 6,9 WI 5M0.0 W-9: 770.0 32: 10000.0 EKWT: 5.0 TO: 10.0

*, Si"ING IN1ERUM.IE I , C REPANT BIMEW': C , . EXEiVTE) COMSION MEM I c
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"IN ANS HUUJN STATE: IN ClJIfNE VIGO LOC: 03927N 0717N

83AN 03868 GLW:: LIXF EPA STATION: TER WITE TW: COW LOIC 03929 06724M
TSP: 150,0 144,0 75.0 902! 107.0 97.0 20,0 PCOX: -1,0 -1,0 N102 6990 86,0 32.0
A"N: 7,7 : 550,0 RAIN: 1016,0 Ex: 10000.0 DF'T: 6,0 T19P1 12,0

WASIN INTEa I , C REPAINT INTERVAL= C, C DPCCTED CI•• OSI(E &WA(; A e C

K I SAM EIFB SATE: HI CMiwiy: IWOREE LOC 04621N 007248

WA 14851 BELOC: UIRC E9A STATIO!W ORNM9EJ TYPE It HALCs: 04632 OM72
TSPI 231,0 114.0 45,0 S02: 62,0 57,0 1890 P•tX 372,0 294,0 N02! 61.0 54.0 27,0
M: 4,8 liA: 500.0 RAIN, 79.0 4D2C; 10000,0 Kw'f: 1.0 TEMP. 4,0

MMWINI INTERVML= C , C REPAINT INTBERW=L I , B EXPECTED CORROSIOlN DAM= I I

KEESLER AF9 STATE* HS COINTY: JACKSON LOCU 03M 08M5

MW: 13820 LW:.• H OwH EPA STATION: uIlOXI TI:PU RES LIO: 03024N 082M
TSP* 103,0 76.0 45.0 S02: 45.0 41,0 8.0 PCOX: -10 -1.0 v2: -1.0 -1h0 -1.0
AN' 12.8 Wi 500,0 RAIN: 1527.0 2C: 1,0 kWTl 15.0 TENP. 20.0

MASHING INTEUAL= A • A REPNT IMTMK• C , C EXPECTED CORROION OW& Met AA

KELL FD STATE: TX CMINTY: 8ICIITA LOCU 033 098591

WAN: 13966 I•ELC: YXI EPA STATION, VICHITA FL.LS TYPE: COM LOC: 035 090
TSP: 201.0 161.0 71,0 S02: 2.0 2.0 3.0 PCOX: -1.0 -1.0 002: 53.0 49.0 21,0
ui: 8.9 IN: 600•0 RAIN: 684.0 02C: 10000.0 DEIPT: 9.0 TEWP? 19.0

ilk,.NINS INTE]RIJ. B , C RPAINT ,W IK1AZ B C EIECTED COI(MON UW m: A C

KELLY MI STATE: TX COINTY| KXAR LOCU 029Mw 090

W: 12909 G.OC: NO" &A STATION: SAN A9TONIO IYPE: CO LOC: 0295 OM2
1 TSP: 315.0 130.0 68,0 ,S02 14.0 7.0 3,0 PCOX: -1.0 -1.0 002. 82,0 73.0 29,0

AN: 11.9 IN: 600,0 RAIN: 592,0 D2CI 10000.0 NEWT: 13.0 TfEW: 21.0

S0I I I IITERVALC B I REIUNT I1M.2 B C ET.CIO COiSION lIEZ A a B

KIWN6.EY FRD STATE: OR WNITYN KLMATH LIC: 04210M 121448

u 7: 9426G EL(C: WN EPA STATION: lIM•LT FA.LS TWE: cm LOC: 04212N 121448
'TV: 200.0 190.0 77,0 S02: 65.0 15.0 14,0 PCI: -1.0 -140 WO2 -1.0 -1.0 -1.0

A": 5.6 n 4w5oo RAIN: 3s8,0 2C: 10000.0 IKT: 0.0 TE*: 9.0

mwINi6 lt& = I 3 C REA•AIT INTEKKc I I EXEC CT O ION IQ B= I C
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KIRTLAIN MFU STATE: Ni COUNTY IERNILILLO LOC: 0350 13 68

"WAN: 23004 GELOCt MW EPA STATION: MJUGMRWE TYI COINN LoCi, On 106
TS9P 197,0 169,0 89,0 .02! 28,0 26,0 18,0 PCOXI -1,0 -1.0 N2: 55.0 46,0 30.0

-AHl: 5,4 Iw: 650,0 RAIN: 153.0 D2C! 10000,0 DEWPT: 0.0 TEMIP 14,0

AII INTmm B 9 REPAINT ITRWK. 3 , I EXPECTED CORROSION UMAIE: 3 , 3

KY ANG LOUISVILLE STATE: KY CoinT: iJFEW LOC: 03815N 06545N

IWDA: W389 GELOC: NSO EPA STATION: LOUISVILLE TYPE: CONN LOCI 03815N 08M

TSP: 211,L 175,0 P640 SO02 335,0 259,0 40.0 PCOX! 176,0 167.0 N02: 303,0 143.0 68,0
Nis 7.8 HW: 500*0 RAIN: 1102.0 12C: 10000.0 EiFT: 7,0 TEMIE 13,0

WASHIIN INTERW. I I REPAINT INERVALs 3 , 3B EXPECTED CORROSION DAMAGE: A , 3

LA N NEV ORLEANS STATE: LA COIUNTY ORLEANS LOCI 03002W 09004V

iWN: 93906 6ELOC: RIIH EPA STATION: NEV ORLEAIS TYPE: CONN LOCI 0295"7 09004W
TSP: 119,0 115,0 65,0 S02: 6,0 6,0 3,0 PCOX: 231,0 214.0 NW2: 48,0 46,0 19,0
AN: 13,8 W: 450,0 RAIN: 1458.0 D2C: 3,0 BEWT: 15.0 TEMPI 21,0

HAWING INTERw. A 3 REPAIN INTEUL: I , I EXPECTED CORROSION DAMAE= M, A

LANGLEY ID STATE: VA COUNIY N LOCI 03705N 076210

WAN: 13702 GLOC: NJU EPA STATION: IAPTON TYPE! IND LOC: 0370M 07624
TSP: 109,0 103,0 50,0 S02: 107,0 100,0 35,0 PCOX: 249,0 249,0 N02: -1,0 -1.0 -1.0AN: 9.8 VIN 500.0 RAIN: 1041,0 32C: .5 I: 10.0 TEIIP 16.0

WMIN6 INTERVA•- A A REPAINT WOIWTER.= I S 3 EXPECTED CORROM DAMAGE& Me A

LAWO 0B STAlE: TX COU I: NEW LOC: 0273M 09931W

WIMi: 12907 GGLL: NIR EPA STATION: LAR1) TYPE: on LOC: 02730 0'93WTspi: 190,0 144.0 79.0 S: -1.0 -*.0 -1.0 F"m: -1j0 -1.0 o2w -1,0 -1.0 -1.0
AN: 13.5 VIJ 600,0 RAIN: 473.0 ox, 10000,0 KWPT: 14.0 TEMP 24,0

"ING INTER.VA , I IEPAINT INTE1 - I , C fXPECTDJ (UIO N &Wll A , I

LAUMUN Aft STATE: TX COITY: ~ W QM LOC: 0M212 10047V

" I: 72001 M lU : GE IP EPA STATION: DEL RIO TYPE: S LOCI 0M• 1MOOS
TSP: 76.0 72.0 64.0 S0O: -1.0 -1.0 -1.0 PWX: -1.0 -1.0 *21 -1,0 -1.0 -1.0
AN: 11.2 IW: 600.0 RAIN: 540.0 2a: 10000.0 KEPT 12.0 TEMPI 21.0

.. ms} INTERWX=: I ,I 3REPAINT INTOUW.- I p C EPECTE, CORROSION W AG A
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LITTLE ROCK AFB STATE: M COINTYf PFLASKI WC! 03450 0

tAMI 03930 6ELOC: WAK EPA STATION: MOWN'ILLE TYPE: Ci, LOI, 034521 @N9TSP: 109.0 106,0 53.0 S02I -1.0 -1.0 -1.0 PCOX' -1,0 -1h I0 -1. -1.0 -1.0
AN: 10,1 IW: 550,0 PAIN 1278,0 12C: 10000.0 DWIPT? 9.0 ElINP 17.1

MSHING INTElM.= 1 0 I REPAINT IEI1 LZ C C EXPECwT CORROSION imlE 3 , I

LOC(DIOIUE- SEE RICOENBAC.KER STATE: NA CiTYI NA LOC NA

WAN:t MW GELOC: NA EPA STATION: NA TYPE.A LOC INA
TV: -1.0 -1.0 -1,0 S02: -1,0 -1.0 -1.0 PrcX: -1. -1.0 N02: -1.0 -1.0 -1.0
All -. 0 Iw: -1,0 RAIN: -1,0 D2C? 10000.0 UEUPT: -1.0 TERP: -1,0

LMAING TINTER'AL= C , C REPAINT INTEa: C I C EXPECMTE COSICKN DUEM C v C

LORING All STATE's HE coUKvY:4 #MOTOOK LOCI 04657N 067531

WW: 14623 SLOC: WD EPA STATION' PRESl IS.E TYPE: CUM LOIC 046411 06759V
TSP: 265.0 239.0 990 02': 57.0 51.0 9,0 PCOX: -110 -1.0 N02? -1.0 -1.0 -1.0
M! 4.8 WI: 500,0 RAIN: 1005.0 120 10000.0 KT; 0.0 TEM 4.0

MiASINi INTERVAL: ,t I RPAINT INTERYAL: C , C EXPECTED CORROSION DMHGE= I t I

LOS ANGELES ArS STATE: CA cIrNTY: LOS ANGELES LOCI 03356 1182N

AINM' 23145 L0C1: NSAA EPA STATION: LOS ANUS TYPE? COM LO1CI 03403 11215w
TSP: 240.0 235.0 109.0 S02: 51,0 45.0 19,0 PCOX: -1,0 -1.0 N02: 349.0 279.0 135.0
All 10.5 IWo 600,0 RAIN: 318.0 82C: ,5 EWT! 11.0 TEMII 17.0

IMSN6 INTER,'VAL-i A, A PAIrT INTERIALz I t C EXPECTED COiSIOi DAN AE Me M

LUE AMI STATE: Al COUNTY: NAIC(A LOCI 033M3 11222W

" 1d: 23111 ELOC: NIEY EPA STATION: PHOENIX TYPE: CDO LIE' 03327N 112
TSP: 346.0 297,0 162.0 02: 27,0 23.0 6.0 PCOX? 265.0 255.0 1022 19,0 187.0 82.0
AH: 7,8 W• 600,0 MAIN: 163.0 2C: 1o00O DKWT: 5.0 IWWPI 22.0

" ...INH 1MTML= i I REPAINT IN TE , A I DEX IEC.D CORROSION WAAGE- A B

MA B i1ES STATE: IM COUITY: PlCAE•R u.Y LOCI: 04210 07243V

AN: 1477M , ILO(! AN EPA STATION?: NLYZE TYPE? 1iM LOCI 04212N 0723M
"isP: 139.0 128,0 58,0 S02: 117.0 %,0 25.0 KOX: -1,0 -1.0 l02: 164.0 132.0 62.0
AH: 6.2 WV 450.0 MINI 1174.0 12f: 10000.0 IEWT: 4,0 TEW: 9,0

*a" MA• I IN = C , C REPINT I#TIERm C , C EXPECTED COOSION DAAG C ,
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M.CDILL AB STAT: FL COUNTY: HILLSBOROU LO: 02751N 06231V

WAN: 12910 GELaC: W4ZR EPA STATION: TAWA TYPE: MUILE LOU: 02750N 08M2
TSP: 71.0 660 39,0 SO?: 28.0 21,0 6.0 rCOX: -1°0 -1,0 N02: 64,0 380 17.0
A: 15.0 i: 000 RAIN: 1130.0 92C: 1.0 EWT: 1740 TEMP 23.0

WASHING INTERN.=L A A REP AINT INTIERYAL C , C EXPECTED COR ION VNME: MW AA

.CM AF STATE: CA CUNTY: RIVERSIDE LOU: 03354N 11715V

WAN: 23119 LOC: PCZP EPA STATION: RIERSIDE TYPE RES LOc: 03354N 11723k
TSP: 30,0 233,0 126.0 $02: -1,0 -1,0 -1,0 P O: 6660 627,0 NO2: 0.0 0.0 92,0
A: 9.5 iW: 600,0 RAIN: 224,0 D2t 10000,0 IKWTE 6.0 TEMP: 17.0

WAIN6 INTEWJ.= I I DPMWINT INTERW= A I EXPECTED COfI~OIN DA E A I

MATHER MU SL ATE: CA CITY: SARMENTO LOt: 038 1211N

HVAN: 23206 ELC.6 PU, . EPA STATION: SACRAWNTO TYPE: CONl LOC: 03834& 121296
TSP: 156.0 13,0 77.0 S02: -1.0 -1.0 -1,0 PCOX: 255.0 235,0 N02: 0,0 0,0 50,0
NI. 9.3 W: 650.0 RAIN: 447.0 D20 10000,0 kFPT: 8.0 TEI: 17,0

""ASHIN6 INTGE =-9 p I REPAINT INTER96z A r A E]PECTED COROSION ON==E A 9 A

MXUELL AB STATE: AL COItNTYV N YTGWY LOt: 03223N 0962N

WIA: 13821 GELOCI WS9 EPA STATION: MONT6WHR I YPE: CCII LOU 03223N10861%6
TSP: 890 900 46.0 SD: 17.0 16.0 6.0 PCDX -1.0 -1.0 NO?: 83.0 81,0 55.0
ANI 11.2 HY: 500.0 RAIN: 125.0 r2C: 10000.0 KiPT: 13,0 TEWO: 19.0

W.SHING INTIAZL. I I a 3ANT INTER&AL= C v C EXPECT1D CMOSION NAlME I t

KW Ao A STATE: VA COUTY PIEWE LO: 04709N 12229

kMI: 24207 GELIC: POWY EPA STATION: TAOIM TYPE: RES LO: 04716 12226
TSP: 208.0 198,0 69,0 SO2 79.0 76.0 17,0 P=*, -1.0 -1.0 N02: -1.0 -1.0 -1.0
-4: 7.9 W: 550.0 RAIN: 1043.0 12c: 100000 NEWT 1 6.0 mc1 11,0

WAING IMEWXR 3 , C KPINT IN•WEL.C C C EPECTED C•OMIOi WM A , C

:1 J IIW.ELL4 M1 STATE: VA COJiTY: • 0MN LOt? 0340 121246

YBAN: 23200 GEOCU PRJY EPA STATION: SACRAMETO TYPE: RES tac: 03L33 13127N
TSP: 164.0 156,0 62.0 $021 13,0 11.0 4.0 PCOX. -1,0 -1.0 M02: 106.0 141.0 63.0
AHI: 9.2 ) 85,00 RAIN: 587.0 Io: 10000,0 oiP: 8.0 mEW 17.0

WASHNG INIERVAL I I DEPIII INTERVL 5 EXPECTED M12OG ON WAU6Em A uI
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Nccmuiii An SIATN! KS CUMIII SENUICK LOU~ OM37 097161

MW,' 03923 KLOCI PIE EPA STATION: VICIITA TYPE: cow LOCI O373V 0971M
TSP 199.0 145.0 62.0 S92: 20.0 11.0 4.0 P=OI -1.0 -1,0 I02 50.0 57.0 27.0
AH: 7, WN: 550.0 FAIN: 905,0 I2C 10000.0 DEMPTY 6.0 TEiNP 14.0

UAlIN6 INTERVM. I C REAINT IDiRMM . C t C WECTO COMOSION WIMGEz A v C

MCC~f Aft STATE. FL CUIiTY? I 0SEiC 02L1211 N0611N

WAN: 12941 ELOC: PSAX EPA STATION: KW VYF: cor LIc: 02 1 NW10
TSP? 94.0 86.0 51.0 S02? 29,0 20.0 6.0 PCOX? 0.0 0.0 02's 91.0 76.0 32.0
MI: 16.3 HW: 500.0 PAN: 1161.0 12C: 10000,0 KWT: 16.0 TEMPI 24.0

RASHIVG INTERWJL•I,.- I REPAINT INW1E]M.: c C C ECED CSION D= B

MIRE 91 STATE: NJ C IUM: WMINSTON LOCI 34331N 07436U

WW: 14773 GELOC: PT. EPA STATION? N TYPE: NA LOc:U
TSP: -1.0 -1.0 -1.0 S02! -1,0 -1.0 -1.0 PCOXi -1.0 -1.0 N02: -1.0 -1.0 -1.0
AN: 7.7 HY: 5000 RAIN: 1105,0 2C? 10000.0 KPT",T 7,0 TENP: 12.0

WmmB INTEW= IC RAT WEW Z C ,C ECTD CUOIU DME- 0 CBc

1W A116 iIOLTX STATE, IW CUINTYI WtINOK LOCI 039171 076371

I? 13777 GELOC: AYCA WA STATION: A3TIMOR TYIe' C LOP: 03?17N 0763M1
TSP: -1.0 -1,0 -1.0 S02? 99.0 N.0 19.0 PCOX: 333.0 314,0 N102 0.0 0,0 38.0
AN: 7.2 W1 5MO MIN: 1067.0 12C: 10000.0 DlIT? 7.0 TEMPI 13.0

"lA~iN INTEBVM. I f C REPINT IIIIERMKz I t I EXPECTED CORROSION DA A s I

K AN NMM I STAN:? ME COIMY? PEJOSST LOCI 044481 06849

041s: 1460•6 ELOC: RU EPA STATIONI: PM TYPE: CoS LOCI 0444ii48

TSP? 202.0 1?1.0 71.0 S02: 197.0 147.0 43.0 MIUX? -1.0 -1.0 ND21 126.0 103.0 51.0*1 5.7 WJ 500.0 lAINI 1120.0 .IEWT: 2.0 TE•P 7,0

OWNII INTER&M. 3,CEPAINT 1INTOWI.r C OCDECTE CMSO Co E kv"

IN MM MITLE C•EK STATE: NI CWiT? CM•: h LOCI 042151 M1011

S9482 *L4C: AYZZ 0PA STATION: BATTLE (VEX TYPE? col LOCI OU19W 085111
TSP: 1e.0 184.0 56.0 502: -1.0 -1.0 -1.0 P ,X .-1,0 -140 N02? -1.0 -1.0 -. 0o
,Ali 6.3 W$' 500.0 RAUl? IW. sx- 10000.0 K&IT: 4.0 TEMPI 9.0

* 110ING loam= C ,C RUMIN XI~LE*M C .C EXPECTED CURALSIO SAME C C

101.



.i Am6 w nRIDw STATE? NI COUNTYI MA LOU: 04236N 0250w

AMN: 14904 BELU. YNC EPA STATION: NT CMENS TYPE: N LOU; 04237N OO253
TSP: 148.0 125.0 55.0 S02: 30.0 26,0 11.0 PC0X: -1.0 -1.0 N02: 87.0 63.0 39.0
AN: 6,3 HU: 50,0 RAIN: 717.0 12C: 100o00. KiT! 4,0 TEOP 9.0

MSHIN INTElJA.n C C MPAINT INTER=M.= C C EPECTED CORR0SION ODMIAG C e C

HINOT An STATE: D COUNTY4 WD LIC: 0482' 10121W

WAN: 9401i BELOCC WF EPA STATION' NINOT TYPE: COWM LOU m Wc: • lOlU
TSP: 204.0 144.0 94,0 S02: -1,0 -1,0 -1.0 KOX: -1,0 -1,0 N02: -1.0 -1,0 -1,0
AM: 4.1 IHW 600,0 RAIN: 409.0 MID 10000.0 amEPT? 2.0 TW: 4.0

MASNING INTERVA: 8B RPAIiNT IMTEikl,= , C EXPECTED COMROMION RAOE= I 3

IVM AM6 NI STP STATE: M -OITY? RNISEY cLO: 04453N 093131

WAM: 14922 6ELOC: NIDY EPA STATION: ST PMJL TYPE: Ie LIOU VTSP: 272*0 192.0 85.0 902: 120.0 68,0 16.0 PCOX -1,0 -1.0 NO2: 103.0 100.0 56,.0
AH: 5.3 WJ? 550,0 RAIN: 727.0 320 10000,0 I11PT: 1.0 TENl: 7.0

SIWIN T ERI &.3. II C MWINT INTEMK C , C EXPECTED COROSION WAGE= I , C

NO AN ROSECMS STATE: NO COUNTY: U I LOC: 03946MN 0943N

IO: 13993 GELOCI YLY EPA STATION: ST JOSEPH 1IPE: COW LOU 03945N 094501
TSP: 233.0 204,0 89.0 S02: 0.0 0,0 0.0 PlOX: 0.0 0,0 N02: 0.0 0.0 0.0
AN: 7.: t: 550.0 RAIN: U6,0 12C: 1000.0 KoEPT: 5,0 TENP: 12.0

WMSII INTERV. 9 , 9 REPAINT IKIE .- C C C EDCTED COldOION VMAAE A I

NOO• WN STATE: GA COCKY:WW W LOUS OC WN 003121

lSl: 13M7 GiROC: GSU EPA STATION: VLW0A TYPE: WS LOCI: 03MM O17V
TSP: 97.0 79.0 42.0 502: 7.0 7.0 3.0 PcX: -1.0 -1.0 NO2: 54,0 53.0 30,0
uM: 12.3 IH: 500.0 RAIN: 1144.0 12C: 10000.0 KVPTI 13.0 TEW! 20.0

Us"ING INI &W 9 1 REPW NT INITEW•WK C , C EPECT70 CORMOIOW W - I B

H S AN JACSON STATE: ns COUNTty 1 LOU MC: 032201 0 301M

i: 13"6 GELOC: LRmX EPA STATION: M TYPE: COlM LOCI O.19 0901V
TSP: 150,0 128.0 59,0 $02: 41.0 39.0 17,0 PM: -140 -1,0 MR: -1.0 -1.0 -1.0
Mi: 11.5 W: 500.0 RAIN! 12B7.0 .02(. 10000.0 KWPT: 12.0 Ter.: 19.0

MASHIMS Iowa= I I 3PAINT INTWrUC C C XPECI1ED COMSION WMIAG , 3I
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MS AM KEY FLJ STATE: MS CUnTY: LNAUKE LOU 032W ONO

UM, 18a17 GE).,: MN. EPA STATION: MERIDIAN TYPE: RES IOC: 03222m O62W
TSP: ?2.0 95,0 46,0 S02: 26,0 17.0 4,0 PCOW -1,0 -1.0 NI2: -1,0 -1.0 -1.0
AN: 11.2 IWt 50*0 RAIN': 1359.0 D2C: 10000.0 EWTI 12.0 TEM2P 18,0

NSNIN6 INTER.AL: I I REPAINT INIFIA9z C , C EXPECTED CO SION DMI z , I

HT AN6 OT FALLS STAN1E: T CW1IRY: C#CrlE LOCi 04729 11122M

W 24143 BELGC! JlS EPA STATION: 6T FALLS TYPE: IN LOC' 04729N 111170
TSP: 124,0 124,0 43,0 S02 -1,0 -1.0 -1.0 PCOX -1,0 -1,0 N021 -1.0 -1,0 -1.0
iA: 4.5 NY: 600.0 RAIN: 369.0 320 100,00 RKUPT: 3.0 TEIP: 8.0

SAlIN6 INTEWA.= E , C REPAINT INTEtW= I , C E)PECTEl CORROSION WM E= C C

HT HOME A SIAT: Is COUNTY: ELMR LOU: 04303N 11552

WO: 24106 GELOC: OMZR EPA STATIO: iT HOlE TYPE: cOM LOC: 0430 115419
TSP: 272.0 170.0 84,0 S02. 890 6.0 3.0 PcOX: -1.0 -1.0 N02: -1,0 -1.0 -!.0
AH: 2,8 W.: -1.0 RAIN: 100,0 2C:2 10000.0 Kill: 1.0 TEMP: 1.0

HASHINS INTEK = M I , C REPAINT IMIWL= C P C E)MCI13 C1SION DNM = t- C

HYRMLE OW AFB STAN: SC EGlUJY IWORRY LOC 033411 O7m

ti? 13717 6BM.s RiRD EVA STATIO•s C3IIMY TYtlE: COM LOe: U03M 079W
"isp: "0 78.0 43,0 902: 28.0 23.0 4.0 PCQX? -1.0 -1,0 N02 64.0 48.0 20.0
A: 11 4 W: 500.0 T,1: 130.0 D2(: as W 7T: 13.0 Tiw: 17.0

" N6 WER 1r1 A A , PAIM WIOW= C C EOPECTED C1OM ION IM -r M, Ul

lc MIS W100" STATE: 1C CaMTY:e ~oiNW Mc LOC4 03513N 09066

UDmI: 13981 &IOE: FJRP EPA SUTAION aC..OhrE YIWE: in ~ LOU 03506 0905w
TSP: 81,0 79.0 43.0 SM: 46.0 S4,ý L.O PCOX: -1,0 -1h0 112: 77.0 68.0 39.0
A'1 9.3 W' 500.0 RAIN: 1087.0 I2C! 10000.0 . EIPT: 9.0 iTW: H.0

wa11)I lIT m 3 I I REPAINT IMTEWJ&, C sC E)mETE cm1(m hma-. Ia

10) MIS ST bMWV STATE: 13 £OLWUY W ~ tIK: 046Sf 0940

WAN: 14714 G1EOC: EPA STATIONI FiWO TYP: COO LOCI.: 0 0%m
TSP: 125,0 123.0 67,0 SM.' 2.0 2.0 540 PCOX(: -1.0 -1.0 We2 6.0 5•.0 $3.0
AN: 4.0 W: 550.0 RAIN: 543,0 92cl 1000.0 IIT: 1.0 TE1PVe 5.0

IdiMs IIMEWLZ I C ERD"T JNi!mk= C , C LIMTED (II N101 N GE3 I, C

" "* " " "--,• •m• "m111



NE MN6 LINCMM STATE: NE COWUTYf LAICASTER LE: 04051N O6•l6W

SWW: 14904 wLe: 40 EPA STATION! LINCOIL TYPE: 10 m LOU 04050 09642m
TSP: 1".0 160.0 78,0 S02: 47.0 26,0 6,0 PCOX: -1,0 -1.0 N02: 112,0 91.0 46,0
AN: 6,8 I: 50,0 MAIN! 747,0 2C 10000.0 M MT: 4,0 iENP: 11.0

"SHING INTEV•.A , C RiPAINT IN11E - C , C EXPECTED COMOSION MGEz I , C

MELLIS AFB STATE: W COINTY: cA.R LIC: 03615N 1150M

MIN: 23112 6LO.: MR EPA STATION: LAS %.FMS TYPE: CI1 LOU 0360911 11509m
TSP: 334,0 306.0 134.0 SM: 49.0 42.0 10.0 PCOX: -1,0 -1,0 N102: 0.0 0.0 34.0
AN: 5,0 Wv: 650,0 RAIN: 92,0 ox: 1o000.O DEWPT: 1,0 IIEWc: 19.0

WMSHIN INTER9JAL I I REPAINT INTERiWM.: I EX3 ECTE! CORSION IVM I B

MEG ATLAITIC CITY STATE: NJ COMMr: Mk LOE: OW327N 07435W

iAN: 13753 6G.L : A EPA STATION: NA TYPE: WM LOE: MA
T: -1.0 -1.0 -1,0 SO2: -1.0 -1,0 -1.0 PcX': -1,0 -14 102 -1,0 -1.0 -1,0
M: 8,0 iW: 500.0 RAIN: 1037,0 12C: 10000.0 KWT: 6.0 TE]P: 12,0

"iSIIM IN E9 W..tt a C REPAINT •NTERWLz C . C EPCTED COMMiON DMK= I , C

MORT00 AM STATE:CA cOlTY: SAiN IME DIN LO: 03" 1171411

UAM: 23122 oaLOC: S:Y E STATION: SAN NE)MI3N TYPE: co o: LOU0 11717U
TW: 242.0 232.0 113.0 S024 91.0 79,0 23.0 PiM: 627.0 588.0 002: 16.0 154.0 85.0
AN: 9.1 IW 650.0 RAIN: 293.0 I2cl 10000.0 MlT: 7.0 TE:• 1980

"NIS IMN t• •- 3, R REPAI"T INiTMAZ AI A EXht'TEl C0OSION WAN& A , A

iv AN6 RE STAR. V m 1mTY: WSi LOC: 03910 11947W

SM: 23185 6EOC; UCTL EPA STATIOV6S REN TYPE: cohw LOU 03931M 11?0w
M:: -1.0 -1.0 -1.0 S02: 18.0 13.0 4,0 Pcox: 186.0 173.0 I02: 0.0 0.0 139.0
N: 5.3 W.: 650.0 RAIN: 180.0 I2c 10000.0 MiT: 2.0 TE': 11.0

MAS.ID6 INTOERW,. C , C REPAIXT IKIIR -" A ,A D IEXCTEOU ( 0•MON U S I I

ov AM WIIIM4 STATE, MY currT: wON3 LO: o.3oiW 07607V1

0l: 14720 GROC: UNT M STATION: SYVUKJS TYPE: tiILE LOU: 0O3 0760
TS9: .O 142.0 0.0 S02: 102.0 100.0 44.0 PCOX: 78,0 9.0 002: 0.0 0.0 49,0
MI: 6.5 W.: s00.ý RAIN: 9s.0 a2: 1000,. IE*T: 3.0 TOEM: 9.0

awa I• i •,if .= A C tit &IT 'l-E I , I D.PEDI M OI MAD I I

11



MY N INIRA FALLS STATE: MY COUNTY1 NIAWA LOC: 0430MN 07857

iW:M 04729 PELOC: RYIJ EPA STATION: NIMWA FALLS TYPE: wM LOCs 043046 07903W
TSP: 140,0 133,0 4.0 S02: 175.0 149.0 30.0 PCDX -1.0 -1,0 N02: -1,0 -1.0 -10
AN: 6.6 wV: 500,0 RAIN: 867,0 32C: 10000.0 KEWT: 4,0 iTE: 9.0

-tHINO INTfVL 3 I ,C REPAINT INTER .= C ,C EPTED COVSION BUM= I ,C

NY NIG SCHEECTADY STATE: NY COUNTY: SCOENECTADY LOC: 04251N 073561

IAN: 04782 )LOC: VlDtZ EPA STATION: SDCEJ.CTAY TYPE: RES LOC: 04248K 07M•h
Tsp: -1.0 -1.0 -1,0 S024 139.0 134.0 38.0 PCOX: "9,0 92.0 NO2V 0,0 0.0 31.0
AN-% 6.3 HY: 450,0 RAIN: 901,0 D2C: 10000.0 DET: 3,0 TEMPs 9.0

WASMiE INIERV C C REVAINT INTTM: I , WEPCTED CORROSION VI = 3I I

NY AMB SUFFOLU STATE: Y COIUflY: SUIFFOL LOS: 04052N 07251

S: 94703 GELOC: NKVJ EPA STATION: SUFFOIK TYPE: Cn LOC'* 04102N 07157W
TSP: 93.0 79.0 37.0 S2: 19,0 18.0 6.0 PCoX: -1,0 -1.0 N02: -1,0 -1.0 -1.0
AN,' 7.6 1W. 500.0 RAIN: 974.0 B2C: 10000,0 JEtl: 3.0 TMPI 11.0

V"I8G INTIEVALN I , C REPAINT INTE. = C v C WEX TED 1OSI0 W = I I C

NY ANI WESTC(ESTER STATE: MY C..UNTY! WESTCHESTER LOC: 04104' 0734W

WBN: 94745 6£Li: YSSF EPA STATION: WT PLAINS TYPE: 1 I LO. 410201 0734
TsP: 115.0 110,0 53.0 S02: 125.0 99.0 29,0 PLuo: -1.0 -1.0 42: -1.0 -1.0 -1.0
AN: 7.2 1W" 450.0 RAIN: 1300,0 ti0: 1000,0 WT: 6.0 hIti?: 11.0

IIAWNIMB1IERw.e 0 C REPAINT INTERSML C v C EXPECTED OMMON DA E B C

A"TTI SlIAE: IS !'blTY: 1UQJAS LOC: 04107M 0 N1

NIA: 14949 G1ELOC SG9' EPA STATION? WM TYPE: COMM LOC: 04112N 09V5W
T"F: 211.0 145.0 9.0 S02: 33.0 33.0 8.0 PM : -1.0 -1.0 ri2? 72.0 71.0 33.0
AN.: 6.9 W: 550.0 RAI! 740.0 aIX: l0lo0. KMIT: 4.0 TENP; 11.0

uiA IvI& 3- , S i REPAINTEWAL" C , C EtECTED 0I3 O liiEt I I

ON mE INW IELD STATE: ON CO1NT1. KICH L: Loc: 09o231W

WlW: 14i91 GE10C: PiV EPA STATION: iilk • IS to L0C,* 04 123iW
TSPI: I3.0 I19.0 l0.O S: 103.0 45.0 13.0 PCOX: -1.0 -1.0 i1)2: 204.0 54.0 3.0
N:i 6.7 Wi: 500.0 RAIN: 54.0 V-: 1"000.0 KWI: 5.0 1TE: V.0

i.° " IiTWKllIL" 3, u P lIT C C C EXlPED. CiSOi UNA= I, C

I~I 13



OHN A6 TOLEDO STATE: ON COINTYI LUCAS LO0. 04139N 08332N

WW: 148S9 G.OC: 'YTI EPA STATION: TOLMlO TYPE: COM LOC 04139N 003321
TSP: 136.0 110,0 64.0 502: 144.0 75.0 32.0 PCOX: -1,0 -1,0 NV: 106,0 105.0 57.0
ui: 6o4 Kw: 550.0 RAIN: 732.0 x2c: 10000.0 -W"7T. 4.0 TEN. 9.0

WrIN6 INTIU:HV I C RCEPAiT INTEI-ML: C C EXPECTED COOSION DAMAE= I C

OK MANG TULSA STATE: OK COUNTY: TULSA LD: 03612d 0956

'l: 13968 GELOC: UHZG EPA STATION: TULSA TYPE: RMMAL LOC: 03607M 09551w
TSP: 192.0 123.0 61.0 SO2: 30.0 14.0 4.0 P'OX -140 -1.0 M102 763,0 418.0 132.0
A1: 8,y H: 550,0 RAIN: 930.0 12c: 10000.0 1WPT: B.0 TEMP: 16.0

M IRIImUef.s I , C iEPINT INTERVLW. C , C EXPECTED COROION WMtE , C

0 AN6 PORTI.AD SIATE: OR COINTY: NULTNW4 LC: 04532M 122401

NOW 24274 GELOC: TFJ EPA STATION: PORTUR) TYPE: COI M : 04531 122401
TSP: 125.0 105.0 '.0 S02: 119.0 86.0 19.0 ivOX: -1.0 -1.0 W02: 102.0 98.0 57.0
M.' 8.0 W: 55D.0 MIR: 1723.0 I2c 10000.0 iEPT: 7.0 TEJ: 12 0

MSINi INTE l 9l~ B RPAINT INTIRt'J C , C EXPECTED COMMON D]lka 3 , I

OTIS AR STATE: M COU•TY' : !HASS LOC: 04139% 07031W

! " 14704 GELOC: SPON EPA STATION.: FiU1TH TI"E: -. ES LOC 0413& 0'*3•

SP. 100.0 71.0 33.0 S02: 29.0 28.0 7.0 PFOX: -1,0 -1. OZ. 49.0 41.0 19.0
AN. 7.7 W: 50.0 MIN: 1243.0 2c: 1o000.0 BEWT: 6.0 TE1P: 11.0

W.% INTERYL I C tEPAINT INTE81 U C . C EXPECTED C IONSI W II C

PA MA NIBI ET(Iw STATE: PA COMTXY: WMIJ LO: W4012I 07640

kW: 14711 GEOC: GQBS EPA STATION.: HlIMiL.TO TYPT (X m LOC: 0,0120 07,44W
TSP 193.0 157.0 16.0 S02: -1.0 -1.0 -1.0 PCO': -1.0 -1.0 N02: -1.0 -1.0 -1.0
jI M 7.5 WU: 500.0 RAWi: 1016.0 DM: 10M00.0 (WT1: 6.0 TEW: 12.0

MM S WaEitWi IU. C 6VA1NT IlTemp', C, £ W ICTW C0t0SION & A C

PA ANG PITTS1JM STATE: P* COUNTY: ALLEDWN i(X: Ok0 &Aof13W

i"1 4W23 1 IC GO: THE WA SATIiON: PuITTS,•1~I Mv: mm La: 04am 09"
TSP: 226.0 I&.0 95.0 SO2: 168.0 13t.0 54.4 PtU: -1.0 -1.0 IMV 2M.50 12B.0 83.0
AN: 6.9 W•: 450.0 FAIN: ,90.0 12c: 1000.0 UEWT: 4,0 .EW: 11.0

•immi Ir"uwe it I I , 3 M..MI I. C EItTE3 C ION bwmm 1 3

- ;4



PA AN6 WILLOW GRORE SLATE: PA COUMTY PHILADEMI.A LOC: 04012N 075WI

W:N 14793 BELOC: ZM EPA STATION' PHIL.ADELPHIA TYPE: RES LOCI 04000M 07505W
TSP?, 186.0 185,0 81.0 $02: 291,0 291,0 63,0 PCOX 333,0 333.0 N02: 0,0 0,0 81,0
AN: 6.9 W;V 500.0 RAIN! 1310.0 NCI 10000.0 DEWT: 6.0 TENPt 12.0

WASHING INTERVAL= A i C RE$,f ... INTERVdL= D t 9 EXPECTED CORROSION DMAN6Er A r I

PATRICK AF) STATE: FL COUNTY: NOW LOC: 028140 06036•

WWIAW 12867 6ELOC SXNT EPA STATION' *RRITT IS TYPE: COMM LOC: 02837N 06042W
"TVP: 88.0 82.0 35.0 9021 -1.0 -1,0 -1.0 PCCOX? -1,0 -1.0 NQ02? -1,0 -1.0 -1,0
AN: 16.1 Niw: 500,0 RAIN# 1184.0 #2C? .5 D"PT: 18,0 TEMPI 23.0

WASHING INTERVAL= A , A REPAINT INTERVAL: C t C EXPECTED CORROSION DWIAE: M, AA

PEASE AF STATE: Ni CJMTY: ROCKINGHMM LOUC 04305M 07049W

WWIAN 04743 GIEOC' SZDT EPA STATION? PORITS TH TYPE: RES LOC. 04305M 07047W
TSP: 76.0 74,0 35.0 '02' 72.0 70.0 22.0 PCOX! -1,0 -140 N02' 100,0 900 39,0
AN: 611 HNV 500.0 RAIN? 1123,0 I2C? 1,0 WI>TI 3.0 TEIPW- 9,0

WASHING INTERVALz A , A REPAINT INTERVAL: C , C EXPECTED CORROSION DMNME AA= AA

"PETERSON AlS STATE: CO COINMY EL PASO LGC 03849M 10442W

W DANH 23029 GELOC? TDKA EPA STATION? COLORAI SP•IN•S TYPE? CONN LOC. 0384"W 10530W
TSP• 254.0 236.0 92.0 902' -1,0 -1,0 -1,0 PU.X? -1.0 -1.0 N02! -1,0 -1,0 -1,0AN 418 wf, 600.0 RNINI 369.0 D2C 10000.0 DEWPT' 1.0 TEA: 9,0

WASHINO INTERVAL= B , B REPAINT INTERVAL: B , C EXPECTED CORROSION DAMAGE= I , B

PLATTSBURGH AFR STATE: NY COUNTY? CLINTON LOC: 04441N 07331W

WBANW 9A733 GEL8: THWA EPA STATION! PLATTSBURI3I TYPE: RES LOC: 04442W 0732OW
TSP: 57,0 50,0 30.0 S02? -1.0 -1,0 -1.0 PCOX: -1,0 -140 N0; -1.0 -1,0 -1.0
AH: 5,4 HV* 450.0 RAIN! 773.0 2C 1000),0 DEVPT: 2,0 TEMP: 7.0

WASHING INTERVAL= C t C REPAINT INTERVAL= C , C EXPECTEI CORROSION [AE:= C , C

POPE AFB STATE? NC COUNTY? CUIBERLA(D LOC: 03500N 0705

W9AM: 93740 BELOC: TQf EPA STATION? FAYETTEVILLE TYPE: RES LOC: 030W 0780WM
TSP: 283.0 158.0 81,0 S02: 82.0 63,0 11.0 PCOX: -1.0 -1.0 NM2 81.0 72.0 42.0
AH; 10,5 fN 550.0 RAIN: 1210.0 D2C: 10000.0 DWI#T: 11.0 TElPI 17.0

WASHING INTERVAL= B B REPAINT INTERVAL-x C C EXPECTED CORRUSION DUAGE: A ,

11"



RANDOLPH AFB STATE: TX CITY: BEAX LOU 02932f 09M171

DAMN 12911 GaLOC: TYNX EPA STATION: SAN ANTONIO TYPE:* RES LOCW 029301 092
TSP: 283.0 120.0 59,0 S02' 3.0 340 3,0 PcoX: 370,0 347.0 N02: 77,0 61.0 23.0
AN: 12,1 HV: 600,0 RAIN, 676.0 D2C: 10000.0 UPT4 13,0 TEMIP: 21.0

iASHIre INTERVAL= 1 9 B REPAINT INTERYAL: A, B EXPECTED COROSION D9MME- A, A

REESE AFB STATE: TX COUNTY: LUBBOCK LOC 03336H 10203ff

WIAN: 23021 GELOC: UBNY EPA STATION: LUBOCK TYPE! CIi LOC: 03335N 10151Vf
TSP: 199,0 190.0 81.0 S02: 2.0 2.0 3,0 ICOX: -1,0 -1.0 ff02: 47.0 40.0 18.0
AH: 7.2 wiV: 600,0 RAIN' 406.0 M2CI 10000.0 KIIPT: 4.0 TEIM: 16,0

MSHING INTERVAL= B, C REPAINNTERVALvB , C EXPECTED CORROSIONDIAM= A C

RI W THEO 6REEN STATE: RI COUNITY KENT LOC' 04144f 07126M

WDBA 14765 GLLOC# A WAD EPA STATION: MARVICK TYPE: CON LOU: 04144N 071261
TSP: 80.0 56.0 50,0 S02: 2.0 2,0 3,0 PCOX: -1.0 -1.0 IM02: 22,0 17,0 12.0
AN: 6.6 NV: 500,0 RAIN: 1095.0 b2C: 3,5 DEUIPT: 4,0 TEWi: 10.0

MASMING INTERVAL= A i C REPAINT INTERVALz C i C EWECTED CORROSION ]WIAE= AAt C

RICHAD" GEBAMJR AFB STATE: NI COUNTY: JAC(SON LOU 03851N 094331-

WM : 03929 GELOC: 1EE. EP' STATION: DIE TYPE: I we: 0385M 09%.2f
reP: 85.0 83.0 62.0 S02: -1.0 -1,0 -1,0 PCOX' -1.0 -1.0 ff2' -1.0 -10 -1.0
All# 7.7 H1W 550,0 RAIN: 884.0 D2C: 10000,0 DwIw: 6,0 TEN:P 13.0

SHIN6 INTERi•AL:= Bt C REPAINT INTERVAL= C t C EXPECTED COMOSION DWM z A # C

RICKEN]BW(ER AB STATE: Oh COaMlY: FRAMJ(LIN LOUC: 03949" DOM5•d

WBM$: 13812 3FLIO? fZT EPA STATION: CMLVMBIS TYPE:t COM LOC! 03955f OM2
TSP: 146.0 109.0 5•.S S02: 0.0 0.0 0.0 PWX? 0.0 0.0 M)02: 0.0 0.0 0,0
AH: 7,7 HV 500.0 RAIN: 871.0 M2CI 10000.0 DEWT: 6.0 TUi" : 12.0

W lSHlw INTERVAL= 0 t C OAINT INTERVAL= C ,C EXPECTED O ION• D &:•B, C

ROBINS AFB STATE: GA COUNTY: 8I1B LMOi: 03250 DOM3

UPAN: 9353 GELO: 10-7 EPA STATION: AON TYPE: RES LOC: 032,M OWN
TSP: 164.0 147,0 65.0 sM2: 5.0 21.0 5.0 PCOX: -1,0 -1.0 (02: 109.0 85.0 40.0
AN: 11.3 •1 500.0 RAINE 1005.0 D2C 100W.0 MWT: 12.0 mw: 19.0

UASH1NG IfTEM=L-. R 8kAIWT INTLRMJALC C EXPECTED COU-100 MacA 8

477 777-



r

SC ANG KWENTIRE STATE: SC COUNTY: IC(HM LOC: 03358W 0804N

WBAN: 03858 GaLOC: PSTE EPA STATIO': COLLIHA TYiP: Cm Loc: 03400# 061031
TSP: 92.0 97.0 48.0 S02: 75,0 6.0 4,0 PCOX: -1.0 -1,0 N02: 73.0 73,0 37,0
AH: 10.5 HV: 500.0 RAIN: 1092.0 o2x: 10000.0 IEWPT! 11#0 TENP: 1890

WASHING INTERVAL= B , B REPAINT INTERV= C , C EXPECTED CORROSION DA6EB 3 , B

SCOTT An STATE: IL OU!TY*: ST CLAIR LOC: 0383M 00951i

WMAN: 13802 GaOc:O VDTD EPA STATION; E ST LOUIS TYPE: IND LOCI 03837N 09009W
TSP: -1.0 -1.0 -1.0 S02: 261.0 239.0 61.0 PCoX: 302,0 22.0 N02: 100.0 83.0 53.0
AH: 7.8 HIN 550.0 RAIN: 1008.0 D2C: 10000)0 DiWT: 7,0 TEDPI 13.0

WASHING INTER'J. B , C REPAINT INTERVAL B , B EXPECTED CORROSION DMIE= A I 3

SD ANG JO FOSS STATEl SD COUNTY: NIENM LOC: 04334N 09644W

vWBA: 14944 GELOC: LUXC EPA STATION: SIOUX FALLS TYPE: COM LOC: 04335 09644Q
TSP: 202.0 122.0 60.0 802: 49.0 42.0 6.0 PCOX* -1.0 -1.0 Nu2 -1.0 -1,0 -1.0
Al: 5.4 IN: 550.0 RAIN: 622.0 D2C: 10000.0 DEWET: 1,0 TEMP: 810

MAS.ING INTERVL.: C , C REPAINT IN'•E]..: C C EXPECTED CORROSION ]d•]E= C , C

SEYMOR JOISON A, STATE: IK COUNTY: WAYNE LC: 0352, R 0775NW

WMAN: 1-313 GELOC: U"A EPA STATION: CGLDSDIR TYIE4 COiH LOC: 03=3N 0775N
TSP: 170.0 135,0 74.0 S02: 36.0 11.0 6,0 PCOX: -1.0 -1.0 N02: 69.0 67.0 22.0
AH: 9.7 HIW 500.0 RAIN: 1325.0 O2C: 10000.0 DEWPTt 10.0 TEMP: 16.0

MASHING ITfEVL% 0 , B REPAINT INIERVtAL C , C EXECTED CMSIOO N -~c A 0

SW AFB 1TATE: SC COUNTY: RNTEtR LOC: 0358W 08026W

WMDl: 13849 GEuD: %Su EPA STATION: SUMTER TYPE: Cw] LOc: O m 020
TSP: 327.0 20340 70.0 S02: 74,0 43.0 4.0 PCOX: -1.0 -1.0 N02: 76.0 62.0 33.0

"" AH: 10.5 IV: ,00.0 RAIN: 1092,0 OXC? 10000.0 DEWT: 11.0 iTiP: 18.0

WASING INTERWVn 8 9 MEANT IAIEV~IAL C #C EXPECTED 100OIO DAMA(n A 8

TINKER AP8 STATE: OK C0UNTY: OKLAhHO LOC: 03525W 07M

VW: 1,3719 GELOC. WY" M STATIEN: •%LNM CITY TYPE: (6" LOC. 03524V 0972N
TSP: 135.0 '"!.o 58.0 S02: 5.0 5.0 5.0 PDO: -1.0 -1.0 N02: 67.0 64.0 31.0
AH: 9.4ý .,: 5M0.0 RAIN: 851.0 2C: 10000.0 'WT: 8.0 iENJ: 16,0
-- - - - ----- ---------

kMASHIG .INTE.RVAL3 .C PAINT IMTEOWM. C v C iD(--- IEDCfOSION [wal-" B. C

1.17 k



TH AN6 MCSIEE TYSON STATE: TN CIUNTY1 KNOX LOc: 03549MW 08400

WW! 03851 GELOC: PSXE EPA STATION INOXVILLE TYPE 110 LOC 0354Or 0"331
TSP: 163.0 138.0 78.0 S021 44.0 35.0 8.0 PCOX! -1,0 -1.0 N021 83,.0 75.0 44.0
AN: 10,2 HV: 500.0 RAIN: 1300.0 D2C: 10000.0 DEWPT: 1),0 TENP' 17.0

VASHIN6 INTERVAL= , I REPAINT INTERVAL= C , C EXPECTED CORIOSION MII = A I B

TN AN6 HEiMIS STATE: TN CNTY SHEL]BY LC: 03504W 0895M

OWf: 13862 GELOC: PYJX EPA STATION: NEiPHIS TYPE: RES LOCU 035U 069591O
TSP: 113.0 73.0 77.0 S824 50,0 33.0 30,0 PCOX: -1.0 -1,0 N02: 123.0 171,0 6840
AN: 10,1 HV: 500,0 RAIN: 1300.0 o2c: 10000,0 DEW"T: 10,0 TEMPI 17,0

VASHING INTERVAL B i, B REPAINT INTERVAL= C , C EXPECTM CORROSION MH = A ,B

TN AM NASNVILLE STATE: TN CUMDTY DAMION LOC( 03610W 086479

MIAN: 93858 GELOCi RMtDO EPA STATION! NASXMILLE TYPE: ID LUC? 036111N 0
TSP: 211,0 161.0 87,0 S02: 49.0 44,0 16.0 PCOX: -1,0 -1,0 NM2 115,0 107,0 65,0
AH: 9.7 IN: 500.0 RAIN: 1156.0 D2C: 10000.0 DEt"T: 9,0 TEMP: 16.0

WASHING INTERVAL= B , REPAINT INTERVAL= C C EXPECTED CORROSION •ME=: A A

TRAVIS AFB STATE: CA COtJTY: SOLANO LOC: 0381M 12156M
A------------- ------------------------------

V'M0: 23202 GELO0: XDAT EPA STATION: VALLEJO TYPE: CONH LOC: 0380W 122,4TSP: 176.0 136.0 69.0 502: 35,0 31.0 5,0 PCOXt 372.0 274,0 N02: 0.0 0.0 59.0
At: 9,0 WI: 650,0 RAIN: '1424,0 D2C: 4.0 KIWPT: 8.0 TmHP: 16.0

MASHING O•=ifE AVA REPAINT INTER%= A , A EXPECTED CORRMSION DM m AM, A

TX A6 HOUSTON STATE: TX COUNTY: IHARIS LOC? 0294M 09522W

MW : 12945 GLOC: WW EPA STATION: HOUSTON TYPE: RES LOCI 02946h 09U19
TSp: 198,0 162.0 95.0 S02; 56.0 38.0 5.0 PVOX: 582.0 523.0 N02: 106.0 101.0 37,0
Al: 13,6 MPJ 550.0 RAIN: 1161.0 L2C: 10000,0 DEWT: 15,0 EiW: 2J.0

1O INOIMTERl m 0 88 REPAINI INTERVA•3L= EXPECTED C ION (M A 1 A

TYNDLL AFB STATE: FL COU.TY: DAY LOC: 0300"

"AN: 13M6 GEM! .LMv EPA STATION: PAMW CITY TYPE: RES LOC: 03012M 08541W
:SP: 137.0 129.0 3-0 SM: 128.0 20,0 7.0 PVOX: -1.0 -1.0 N022: 81.0 28,0 11,0
AN: 13.8 NV: 500.0 RAIN. 1359.0 D2C: 2.0 DET: 1640 TEMP: 21,0

MAS4ING INTEWM. A- REPAWI INTEMZZ C C EXECTED COWROSION DkG~ M A

* i

IS
lA



VA W BYRD FLD STATE: VA COIlY: ROANOKE LOCI O'730N 077200

W I: 13703 6fI.C: CVIH EPA STATION: RICIOM TYPE: IN LOC: 03731N 077269
70: 1".,0 12890 900 S02: 65.0 57.0 27,0 PCOX: -1,0 -1.0 N02' 10540 92.0 61.0
A14 8.2 !VI 500.0 RAIN: 1052.0 12C! 10000.0 DEiPT: 8.0 TEMP: 14o0

ASHIXG INTERVAL= I, B REPAINT INTE z: C , C EXPECTED CORROSION W= A I I

VA.UP AFB STATE: OK COUNTY: WIELD LOC: 03621N 09755W

WIN: 13909 SELODC XTLF EPA STATION: ENID TYPE: COl LOCI 0323N 097540
TS: 140,0 137.0 73.0 S02: -1,0 -1,0 -1,0 PCOXI -1.0 -1.0 N02: -1,0 -1.0 -1.0
AIJ: 9.7 iW: 600.0 RAIN: 714.0 32C 10000,0 DEIPT: 7,0 TEMPI 16,0

WASHING INTERVAL= I , C REAIFT INT = B , C EXETED CORROSION DAAE= A i C

VANDENIERS A€ STATE: CA COUNTY: SANTA BARBIRA LOC: 03443 12034M1~.- -- ------------- -_-----_-_-_-

'W1 93223 GELDC: XLW EPA STATION: SANTA IIA TYPE: COHN LOC: 0345ON 1203OW
TSP: 161.0 133,0 89.0 S02I -1.0 -1.0 -1.0 rvOX: -1,0 -1,0 M02: -1,0 -1.0 -1.0
AH: 8.9 W': 650.0 RAIN: 315.0 D2CI 2,5 lEIFT: 8.0 TEMPI 13.0

WASIWG INTEfLt= A , B RPAINT INTERt= B rB EXECTED CORROSION IMG= Mv I

UT ANG B INBTON STATE: VT COUNTY: CHYTENDEN LOCI 044289 0730M1

VBAN: 14742 GELOC: CUR2 EPA STATION: UK.INGTON TYPE: Cn LOCS a4429N 07312N
TSP: 117.0 105.0 64,0 S02: 107.0 94,0 24.0 PCOX: 196,0 196,0 102: -1.0 -1,0 -1.0
AN: 5.9 WV: 450,0 RAIN: 859.0 D2C: 10000,0 DEUPTI 2,0 TEM': 8,0

"IASING INTERVAL= C REPAINT INTERVAL.= B tB EXPECTED CORiOSION iWSE= ,1

MA AN SPOKAE STATE: MA COUNTY: SPOKNME LOC: 04738 11732W

WBAN: 24157 GELOC: VZOT EPA STATION: SPNEM TYE: HOSILE LOCI 04739W 117391
TSP: 163.0 162.0 92.0 S02: -1.0 -1.0 -1.0 PFOWI -1.0 -1.0 02): -1.0 -1.0 -1.0
W: 5.7 INS 650,0 RAIN: 460.0 82C 1000.0 IET: 1.0 TrEMP 9.0

"SING INTERVL = B B RPAINT INTERV: = I B EXPECTED CORRSION LV I , I

MI Ai B STATE: TX COUNTY: HAW LOI: 03213H 10131M

'B4: 23005 GELO.: YQAZ EPA STATION: S6 SPRING "PE: cm LOC: 03215M 1012NW
TSP: 200.0 119.0 68.0 SO2: 2.0 2.0 3.0 PCOX: -1.0 -1.0 NO2: 40.0 36.0 19.0

H: 8.1 W: 600.0• RAIN: 422.0 I2: 10000.0 DEWT: 6.0 TEMPI 18.0

A!ING INTEX= 9 C RAINT INTER&L I C EXECTED CORROSION W* A C
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W 'TOWR AlD STATE: MA COUNTY: PIONEER VALLEY LOC' 04212ff 07232W

WDN 14703 GELOC' YTP`I EPA STATION: CHICOPEE TYPE! INW LOCU 04211N 072369
TSP: 137.0 121.0 55,0 S02: 94.0 76.0 27.0 PCOX' -1,0 -1.0 N02' 149.0 134.0 62.0
AH: 6,2 NV! 450.0 RAIN. 1151,0 D2C: )O000o DEUPT? 4.0 TENP: 9o0

WASHIN6 INTERVALa C , C REPAINT INTERVAL: C C EXPECTED COROSION DIBM E: C , C

WHITEMAN AFB STATE: NO COUNTY: UKTTIS LOU: 03843N 093V33

MMi: 13930 6ELOC: YW1 EPA STATION: SEDALIA TYPE! IND LIOC 03841M 0M3171
TSP: 256.0 146.0 63.0 S02: -1,0 -1.0 -1,0 PCOX? -1.0 -1.0 NO2? -1.0 -1.0 -1.0
AH: 7.6 1W? 550#0 RAIN: 874.0 D2C? 10000,0 DE'iT! 6.0 TEMPt 13#0

MASIING INTERVAL= , C REPAINT INTERVAL: C , C EXPECTED CORROSION WIM= A , C

WI AM6 GEN KITCHELL STATE: WI COUNTY? NILWAUI(EE LOCU 04257W 08754N

WIN: 14839 GELOC' HMTU EPA STATION: HILMWA(EE TYPEt COM LOCU 043020 06755
TSP: 78.0 77,0 47,0 S02: 8,0 5.0 5.0 PCOX -1h0 -1.0 102: 83#0 73.0 47.0Ali: 6.0 HU: 500,0 RAIN: 747,0 D2C! 10000,0 BEWPT:f 3.0 TERM! 8.0

WASHING INTERVAL: C , C REPAINT INTERVAL: C i C EXPECTED COROSION BMW6= C , C

WI ANG MDISON STATE: VI COUNTY: DE LOU: 043081 06920M

VDAN: 94811 GELOC: NIKE EPA STATION: MADISON TYPE! COM LOCU 04304N 0892A
TSP: 266,0 120,0 57,0 S02: 27,0 20.0 12.0 PCOX: -1.0 -1.0 l02: 54.0 52.0 33.0
M: 5,9 NY: 500.0 RAIN: 780.0 D2C: 10000,0 D'WT: 3.0 TEIF? 8.0

OASHING INTERUAL= C , C REPAINT INTERVALz C , C FIECTED COOSION MAGE- C i C

Il ANG VOLK FLP STATE: WI COUNTY: LA CRS LOU: 04352M 09115

INM: 14920 GELO• YAQF EPA STATION: LA CROW TYPE? CoLO IC: NA
TSP: 375.0 314.0 101.0 S02: 34.0 32.0 15.0 PCOXM -1#0 -1,0 N02: 76,0 67,0 42.0
01: 5.9 IW: 50.0 RAIN: 750.0 820 10000.0 MEW: 2.0 TEiRM 9.0

WASHING INTERVALt I B 3 REPAINT INTERU#.L: C , C EXPECTED COR•fR IO M$M * I I ,

WILLIAMS AF8 STATE? A2 COUNTY? NICOPA LOC: 03310W 111401

A i/ 23104 GELOC: YZJU EPA STATION: MESA TYPE: Com LOC: NA
TSP: 244.0 233.0 101.0 S02: 42,0 40.0 8,0 PIOX: -1,0 -1.0 ff2 -1.0 -1.0 -1.0
A1: 7,6 HV: 600.0 RAIN: 186.0 D2C: 10000.0 EWPT: 4.0 TENP: 22.0

VASHING IWNTE aaOkL I REiPAINT lNWA 8 , C EXPECTED C/OSION MIMIC'S A I8

12o
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WIOhT PATTERSON 9B STATE: ON cMWUY) IIWOTGOHERY LOCU 03949W 0640MW

•N? 13840 IELIC! DIT EPA STATION! DYTON TY• RES L.OC 034N 0G411U
TSP? 140.0 120.0 71.0 8024 205.0 182,0 22.0 PCOX? 372,MA 353.0 I)21 0.0 0.0 47,0
AN: 7,5 lff: 550.0 RAIN: 879.0 12C 10000,0 DEUPT: 6,0 TEMP! 12.0

HASHING INTERVAL= I C REPAINT INT.RVAhL: I B EXPECTED CORROSION YMBE= A I 3

IURTSMI1)I AF" STATE: I COUNTYI OSCOPA LOUC 04427N 06324

iWIN: 14808 EL.OC! ZJXD EPA STATION? ALPEM TYPE: NA LOUc 04504N 08325W
TSP? 440.0 307.0 76.0 S02: -1,0 -1.0 -1.0 PCOXI -1,0 -1,0 02: -1,0 -1.0 -1,0
AN: 5.9 NY': 500.0 RAIN: 750.0 D2Ct 10000,0 lk'HT: 3,0 TEHP: 7.0

MASUING INTERVAL= 1 C REPAINT INTERVAL: C t C EXPECTED COOSION bIA6E: I , C

W AN KAAbW CO APRT STATE: WV COUNTY! KAMNAU LbC! 039822N 0t136

BIAM 13866 6ELOC: LYIH EPA STATION: CHARLESTON TYPE? NOSILE LOUC 03822 0135
TSP: 124.0 106.0 54.0 902: -1,0 -1.0 -1.0 PCOX: -1.0 -1.0 N02: -1,0 -1,0 -1.0
AN: 8,3 W.' 500,0 RAIN: 1113.0 B2C: 10000.0 KiT' 7,0 TEiP! 14.0

MING INTERVM= I , C REPAINT INTERVAL: C , C EXPECTED CNRROSION &IMAGE= 8 r C

WN AE HAiTINSIM NMNI APRT STATE: WV COUNTY: HINE.L LCC? 0314N 077VW

G8AN, 13734 GE1O : PJUY EPA STATION: KEYSER TYPE: RES LO•IC ,926N 0785•W
TSP? 104,0 93,0 51,0 SO2: -1.0 -1,0 -1.0 PCOX: -1,0 -1.0 N021 -1,0 -1.0 -1.0
MI? 7.7 IV' 450.0 RAIN: 923.0 12C 10000.0 IEIT: 6.0 TEMP 12,0

OAWINS INTERVAL= I , C REPAINT INTERVALz C e C EXPECTED CORSION WMMGE: I , C
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